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PLATES I.—IV. 


Illustrating Professor A. A. Michelson’s paper on the Application of Interference 
Methods to Spectroscopic Measurements. 


Errata in 1891 (Cardiff) Report. 


| Page 154, line 10, for Carden, read Cardew. 
Page 564, last line but one, for Secret, read Recent. 


Errata in 1892 (Edinburgh) Report. 
Page 138, line 3, for M. G. Guillaume, read C, E, Guillaume. 


OBJECTS AND RULES 


OF 


THE ASSOCIATION. 


as 


OBJECTS. 


Tue Association contemplates no interference with the ground occupied 
by other institutions. Its objects are:—To give a stronger impulse and 
a more systematic direction to scientific inquiry,—to promote the inter- 
course of those who cultivate Science in different parts of the British 
Empire, with one another and with foreign philosophers,—to obtain a 
more general attention to the objects of Science, and a removal of any 
disadvantages of a public kind which impede its progress. 


RULES. 
Admission of Members and Associates. 


All persons who have attended the first Meeting shall be entitled 
to become Members of the Association, upon subscribing an obligation 
to conform to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical 
Societies publishing Transactions, in the British Empire, shall be entitled, 
in like manner, to become Members of the Association. 

The Officers and Members.of the Councils, or Managing Committees, 
of Philosophical Institutions shall be entitled, in like manner, to become 
Members of the Association. 

All Members of a Philosophical Institution recommended by its Coun- 
cil or Managing Committee shall be entitled, in like manner, to become 
Members of the Association. 

Persons not belonging to such Institutions shall be elected by the 
General Committee or Council, to become Life Members of the Asso- 
ciation, Annual Subscribers, or Associates for the year, subject to the 
approval of a General Meeting. 


Compositions, Subscriptions, and Privileges. 


Lire Mempers shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may be 
published after the date of such payment. They are eligible to all the 
offices of the Association. 

Awnuat Susscripers shall pay, on admission, the sam of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
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ratuitously the Reports of the Association for the year of their admission 
nd for the years in which they continue to pay without intermission their 

nual Subscription. By omitting to pay this subscription in any par- 
ticular year, Members of this class (Annual Subscribers) lose for that and 
| all future years the privilege of receiving the volumes of the Association 
gratis ; but they may resume their Membership and other privileges at any 
subsequent Meeting of the Association, paying on each such occasion the 
sum of One Pound. They are eligible to all the Offices of the Association. 
Associates for the year shall pay on admission the sum of One Pound. 

They shall not receive gratuitously the Reports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 


The Association consists of the following classes :— 


1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on 
admission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to 
the payment of One Pound annually. [May resume their Membership after 
intermission of Annual Payment. ] 


5. Associates for the year, subject to the payment of One Pound. 
6. Corresponding Members nominated by the Council. 


And the Members and Associates will be entitled to receive the annual 
olume of Reports, gratis, or to purchase it at reduced (or Members’ ) 
price, according to the following specification, viz. :— 

1. Gratis.—Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, 
a further sum of Five Pounds. 

New Life Members who have paid Ten Pounds as a composition. 
Annual Members who have not intermitted their Annual Sub- 
scription. 

2. At reduced or Members’ Price, viz., two-thirds of the Publication Price. 
—Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, but no further sum as a Book 
Subscription. 

Annual Members who have intermitted their Annual Subscription. 
Associates for the year. [Privilege confined to the volume for 
that year only. ] 

3. Members may purchase (for the purpose of completing their sets) any 

' of’ the volumes of the Reports of the Association up to 1874, 

of which more than 15 copies remain, at 2s. 6d. per volume.! 


Application to be made at the Office of the Association. 

Volumes not claimed within two years of the date of publication can 
ily be issued by direction of the Council. 

_ Subscriptions shall be received by the Treasurer or Secretaries, 


» A few complete sets, 1831 to 1874, are on sale, at £10 the set. 
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Meetings. 


The Association shall meet annually, for one week, or longer. The 


place of each Meeting shall be appointed by the General Committee two 


years in advance; and the arrangements for it shall be entrusted to the 
Officers of the Association. 


General Committee. 


The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons :— 


Crass A. PrerMANENT MEMBERS. 


1: Members of the Council, Presidents of the Association, and Presi- 


dents of Sections for the present and preceding years, with Authors of — 


Reports in the Transactions of the Association. 
2. Members who by the publication of Works or Papers have fur- 


thered the advancement of those subjects which are taken into considera-— 


tion at the Sectional Meetings of the Association. With a view of sub- 


matting new claims under this Rule to the decision of the Council, they must — 


be sent to the Secretary at least one month before the Meeting of the Associa- 


tion. The decision of the Council on the claims of any Member of the Associa- 


tion tu be placed on the list of the General Committee to be final. 


Cuass B. Temporary Mempers.! 


1. Delegates nominated by the Corresponding Societies under the 4 
conditions hereinafter explained. Claims under this Rule to be sent to the 


Secretary before the opening of the Meeting. 
2. Office-bearers for the time being, or delegates, altogether not ex- 


ceeding three, from Scientific Institutions established in the place of — 
Meeting. Claims under this Rule to be approved by the Local Secretaries — 


before the opening of the Meeting. 


3. Foreigners and other individuals whose assistance is desired, and — 
who are specially nominated in writing, for the Meeting of the year, by — 


the President and General Secretaries. 
4. Vice-Presidents and Secretaries of Sections. 


Organising Sectional Commattees.? 


The Presidents, Vice-Presidents, and Secretaries of the several Sec- — 


tions are nominated by the Council, and have power to act until their 
names are submitted to the General Committee for election. 

From the time of their nomination they constitute Organising Com- 
mittees for the purpose of obtaining information upon the Memoirs and 
Reports likely to be submitted to the Sections,* and of preparing Reports 


1 Revised by the General Committee, 1884. 

2 Passed by the General Committee, Edinburgh, 1871. 

3 Notice to Contributors of Memoirs.—Authors are reminded that, under an 
arrangement dating from 1871, the acceptance of Memoirs, and the days on which 


they are to be read, are now as far as possible determined by Organising Committees 
for the several Sections before the beginning of the Meeting. It has therefore become — 
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' thereon, and on the order in which it is desirable that they should be 
‘read, to be presented to the Committees of the Sections at their first 
meeting. The Sectional Presidents of former years are ew officio members 
of the Organising Sectional Committees.' 

An Organising Committee may also hold such preliminary meetings as 
the President of the Committee thinks expedient, but shall, under any 
circumstances, meet on the first Wednesday of the Annual Meeting, at 

11 a.m., to nominate the first members of the Sectional Committee, if 
they shall consider it expedient to do so, and to settle the terms of their 
‘report to the Sectional Committee, after which their functions as an 
; Organising Committee shall cease.” 


Constitution of the Sectional Convmittees.? 


On the first day of the Annual Meeting, the President, Vice-Presi- 
dents, and Secretaries of each Section having been appointed by the 
General Committee, these Officers, and those previous Presidents and 
_ Vice-Presidents of the Section who may desire to attend, are to meet, at 
2 p.m., in their Committee Rooms, and enlarge the Sectional Committees 
by selecting individuals from among the Members (not Associates) present 
at the Meeting whose assistance they may particularly desire. The Sec- 
tional Committees thus constituted shall have power to add to their 
number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute- 
Book, and a copy forwarded without delay to the Printer, who is charged 
with publishing the same before 8 4.m. on the next day in the Journal of 
the Sectional Proceedings. 


Business of the Sectional Committees. 


Committee Meetings are to be held on the Wednesday, and on the 
following Thursday, Friday, Saturday,t Monday, and Tuesday, for the 
objects stated in the Rules of the Association, and specified below. The 
Organising Committee of a Section is empowered to arrange the hours of 
meeting of the Section and the Sectional Committee [ see p. xc]. 

The business is to be conducted in the following manner :— 


1. The President shall call on the Secretary to read the minutes of 
the previous Meeting of the Committee. 
2. No paper shall be read until it has been formally accepted by the 


necessary, in order to give an opportunity to the Committees of doing justice to the 
several Communications, that each author should prepare an Abstract of his Memoir 


the Association. ‘For Section......... ? Tfit should be inconvenient to the Author 
that his paper should be read on any particular days, he is requested to send in- 
formation thereof to the Secretaries in a separate note. Authors who send in their 
MSS. three complete weeks before the Meeting, and whose papers are accepted, 
will be furnished, before the Meeting, with printed copies of their Reports and 
abstracts. No Report, Paper, or Abstract can be inserted in the Annual Volume 
unless it is handed either to the Recorder of the Section or to the Secretary, before 
the conclusion of the Meeting. 

1 Sheffield, 1879. 2 Swansea, 1880. 3 Edinburgh, 1871. 

4 The meeting on Saturday is optional, Southport, 1883. 

1892. b 
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Committee of the Section, and entered on the minutes accord- 
ingly. 

3. Papers which have been reported on unfavourably by the Organ- 
ising Committees shall not be brought before the Sectional 
Committees.! 


At the first meeting, one of the Secretaries will read the Minutes of 
last year’s proceedings, as recorded in the Minute-Book, and the Synopsis 
of Recommendations adopted at the last Meeting of the Association 
and printed in the last volume of the Report. He will next proceed to 
read the Report of the Organising Committee.” The list of Communi- 
cations to be read on Thursday shall be then arranged, and the general 
distribution of business throughout the week shall be provisionally ap- 
pointed. At the close of the Committee Meeting the Secretaries shall 
forward to the Printer a List of the Papers appointed to be read. The 
Printer is charged with publishing the same before 8 a.m. on Thursday 
in the Journal. 

On the second day of the Annual Meeting, and the following days, 
the Secretaries are to correct, on a copy of the Journal, the list of papers © 
which have been read on that day, to add to it a list of those appointed 
to be read on the next day, and to send this copy of the Journal as early 
in the day as possible to the Printer, who is charged with printing the 
same before 8 A.M. next morning in the Journal. It is necessary that one 
of the Secretaries of each Section (generally the Recorder) should call 
at the Printing Office and revise the proof each evening. 

Minutes of the proceedings of every Committee are to be entered daily 
in the Minute-Book, which should be confirmed at the next meeting of 
the Committee. 

Lists of the Reports and Memoirs read in the Sections are to be entered 
in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts 
of Memoirs furnished by Authors, are to be forwarded, at the close of the 
Sectional Meetings, to the Secretary. 

The Vice-Presidents and Secretaries of Sections become ea officio 
temporary Members of the General Committee (vide p. xxxii), and will 
receive, on application to the Treasurer in the Reception Room, Tickets 
entitling them to attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association, and the com- 
munications made to the Sections at this Meeting, for the purposes of 
selecting definite points of research to which individual or combined 
exertion may be usefully directed, and branches of knowledge on the 
state and progress of which Reports are wanted ; to name individuals or 
Committees for the execution of such Reports or researches ; and to state 
whether, and to what degree, these objects may be usefully advanced by 
the appropriation of the funds of the Association, by application to 
Government, Philosophical Institutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, 
it is expedient that all Members uf the Committee should be named, and 


' These rules were adopted by the General Committee, Plymouth, 1877. 
2 This and the following sentence were added by the General Committee, Edin- 
burgh, 1871, 
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one of them appointed to act as Chairman, who shall have notified per- 
sonally or in writing his willingness to accept the office, the Chairman to have 
the responsibility of receiving and dishursing the grant (if any has been made) 
and securing the presentation of the Report in due time; and further, it is 
expedient that one of the members should be appointed to act as Secretary, for 
ensuring attention to business. 

That it is desirable that the number of Members appointed to serve on a 
Oommiittee should be as small as is consistent with its efficient working. 

That a tabular list of the Committees appointed on the recommendation 

of each Section should be sent each year to the Recorders of the several Sec- 
tions, to enable them to fill in the statement whether the several Committees 
appointed on the recommendation of their respective Sections had presented 
their reports. 
That on the proposal to recommend the appointment of a Committee for a 
special object of science having been adopted by the Sectional Committee, the 
number of Members of such Committee be then fived, but that the Members to 
serve on such Committee be nominated and selected by the Sectional Com- 
mittee at a subsequent meeting.’ 

Committees have power to add to their number persons whose assist- 
ance they may require. 

The recommendations adopted by the Committees of Sections are to 
be registered in the Forms furnished to their Secretaries, and one Copy of 
each is to be forwarded, without delay, to the Secretary for presentation 
to the Committee of Recommendations. Unless this be done, the Recom- 
mendations cannot receive the sanction of the Association. 

N.B.—Recommendations which may originate in any one of the Sections 
must first be sanctioned by the Committee of that Section before they can 
be referred to the Committee of Recommendations or confirmed by the 
‘General Committee. 

The Committees of the Sections shall ascertain whether a Report has 
been made by every Committee appointed at the previous Meeting to whom 
‘a sum of money has been granted, and shall report to the Committee of 
Recommendations in every case where no such Report has been received.* 


Notices regarding Grants of Money. 


Committees and individuals, to whom grants of money have been 
entrusted by the Association for the prosecution of particular researches 
in science, are required to present to each following Meeting of the 
Association a Report of the progress which has been made; and the 
Chairman of a Committee to whom a money grant has been made must 
forward to the General Officers, before July 1, a statement of the sums 
which have been expended, with vouchers, and the balance which 
remains disposable on each grant. 

Grants of money sanctioned at any one Meeting of the Association 
expire on June 30 following; nor is the Treasurer authorised, after that 
date, to allow any claims on account of such grants, unless they be 
renewed in the original or a modified form by the General Committee. 

~ No Committee shall raise money in the name or under the auspices 
f the British Association without special permission from the General 


1 Revised by the General Committee, Bath, 1888. 


2 Passed by the General Committee at Sheffield, 1879. ‘ 
Oh 
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Committee to do so; and no money so raised shall be expended except in 
accordance with the rules of the Association. 

In each Committee, the Chairman is the only person entitled 
to call on the Treasurer, Professor A. W. Riicker, F.R.S., Burlington 
House, London, W., for such portion of the sums granted as may from 
time to time be required. . 

In grants of money to Committees, the Association does not contem- — 
plate the payment of personal expenses to the members. 

Tn all cases where additional grants of money are made for the con- 
tinuation of Researches at the cost of the Association, the sum named is 
deemed to include, as a part of the amount, whatever balance may remain 
unpaid on the former grant for the same object. 

All Instruments, Papers, Drawings, and other property of the Associa- 
tion are to be deposited at the Office of the Association, when not 
employed in carrying on scientific inquiries for the Association. 


Business of the Sections. 


The Meeting Room of each Section is opened for conversation shortly 
before the meeting commences. The Section Rooms and approaches thereto 
can be used for no notices, exlibitions, or other purposes than those of the 
Association. 

At the time appointed the Chair will be taken,! and the reading of 
communications, in the order previously made public commenced. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications 
delivered in may render such divisions desirable. 

A Report presented to the Association, and read to the Section which 
originally called for it, may be read in another Section, at the request of 
the Officers of that Section, with the consent of the Author. 


Duties of the Doorkeepers. 


1. To remain constantly at the Doors of the Rooms to which they are 
appointed during the whole time for which they are engaged. 

2. To require of every person desirous of entering the Rooms the ex- 
hibition of a Member’s, Associate’s, or Lady’s Ticket, or Reporter’s 
Ticket, signed by the Treasurer, or a Special Ticket signed by the 
Secretary. 

3. Persons unprovided with any of these Tickets can only be admitted 
to any particular Room by order of the Secretary in that Room. 


No person is exempt from these Rules, except those Officers of the 
Association whose names are printed in the programme, p. 1. 


Duties of the Messengers. 


_ To remain constantly at the Rooms to which they are appointed dur- 
ing the whole time for which they are engaged, except when employed on 
messages by one of the Officers directing these Rooms. 


1 The Organising Committee of a Section is empowered to arrange the hours of 


meeting of the Section and Sectional Committee. Passed by the General Committee 
at Edinburgh, 1892. 
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Committee of Recommendations. 


The General Committee shall appoint at each Meeting a Committee, 
which shall receive and consider the Recommendations of the Sectional 
Committees, and report to the General Committee the measures which 
they would advise to be adopted for the advancement of Science. 

Presidents of the Association in former years are ex officio members of 
the Committee of Recommendations.! 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects shall be submitted to the 
Committee of Recommendations, and not taken into consideration by the 
General Committee unless previously recommended by the Committee of 
Recommendations. 

All proposats for establishing new Sections, or altering the titles of 
Sections, or for any other change in the constitutional forms and funda- 
mental rules of the Association, shall be referred to the Committee of 
- Recommendations for a report.” 

If the President of a Section is unable to attend a meeting of the 
Committee of Recommendations, the Sectional Committee shall be 
authorised to appoint a Vice-President, or, failing a Vice-President, 
some other member of the Committee, to attend in his place, due notice 
_ of the appointment being sent to the Assistant General Secretary.® 


Corresponding Societies.4 


1. Any Society is eligible to be placed on the List of Corresponding 
Societies of the Association which undertakes local scientific investiga- 
tions, and publishes notices of the results. 

2. Application may be made by any Society to be placed on the 
List of Corresponding Societies. Applications must be addressed to the 
Secretary on or before the lst of June preceding the Annual Meeting at 
which it is intended they should be considered, and must be accompanied 
by specimens of the publications of the results of the local scientific 
investigations recently undertaken by the Society. 

3. A Corresponding Societies Committee shall be annually nomi- 
nated by the Council and appointed by the General Committee for the 
yarpose of considering these applications, as well as for that of keeping 
themselves generally informed of the annual work of the Corresponding 
Societies, and of superintending the preparation of a list of the papers 
published by them. This Committee shall make an annuai report to the 
General Committee, and shall suggest such additions or changes in the 
List of Corresponding Societies as they may think desirable. 

_ 4. Every Corresponding Societyshall return each year, on or before the 
lst of June, to the Secretary of the Association, a schedule, properly filled 
p, which will be issued by the Secretary of the Association, and which will 
contain a request for such particulars with regard to the ‘Society as may 
be required for the information of the Corresponding Societies Committee. 
5. There shall be inserted in the Annual Report of the Association 


' Passed by the General Committee at Newcastle, 1863. 

? Passed by the General Committee at Birmingham, 1865. 
% Passed by the General Committee at Leeds, 1890. 

4 Passed by the General Committee, 1884. 
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a list, in an abbreviated form, of the papers published by the Corre- 
sponding Societies during the past twelve months which contain the 
results of the local scientific work conducted by them; those papers only 
being included which refer to subjects coming under the cognisance of 
one or other of the various Sections of the Association. 

6. A Corresponding Society shall have the right to nominate any 
one of its members, who is also a Member of the Association, as its dele- 
gate to the Annual Meeting of the Association, who shall be for the time 
a Member of the General Committee. 


Conference of Delegates of Corresponding Societies. 


7. The Conference of Delegates of Corresponding Societies is em- 
powered to send recommendations to the Committee of Recommen- 
dations for their consideration, and for report to the General Committee. 

8. The Delegates of the various Corresponding Societies shall con- 
stitute a Conference, of which the Chairman, Vice-Chairmen, and Secre- 
taries shall be annually nominated by the Council, and appointed by the 
General Committee, and of which the members of the Corresponding 
Societies Committee shall be ex officio members. 

9. The Conference of Delegates shall be summoned by the Secretaries 
to hold one or more meetings during each Annual Meeting of the Associa- 
tion, and shall be empowered to invite any Member or Associate to take 
part in the meetings. 

10. The Secretaries of each Section shall be instructed to transmit to 
the Secretaries of the Conference of Delegates copies of any recommen- 
dations forwarded by the Presidents of Sections to the Committee of 
Recommendations bearing upon matters in which the co-operation of 
Corresponding Societies is desired ; and the Secretaries of the Conference 
of Delegates shall invite the authors of these recommendations to attend 
the meetings of the Conference and give verbal explanations of their 
objects and of the precise way in which they would desire to have them 
carried into effect. 

11. It will be the duty of the Delegates to make themselves familiar 
with the purport of the several recommendations brought before the Confer- 
ence, in order that they and others who take part in the meetings may be 
able to bring those recommendations clearly and favourably before their 
respective Societies. The Conference may also discuss propositions bear- 
ing on the promotion of more systematic observation and plans of opera- 
tion, and of greater uniformity in the mode of publishing results. 


Local Committees. 


Local Committees shall be formed by the Officers of the Association 
to assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers 
those Members of the Association whose assistance they may desire. 


Officers. 


A President, two or more Vice-Presidents, one or more Secretaries, 
and a Treasurer shall be annually appointed by the General Committee. 
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Council. 


be managed by a Council appointed by the General Committee. The 
Council may also assemble for the despatch of business during the week 
of the Meeting. 


(1) The Council shall consist of! 


Or i Co DOr 


(2) The 


. The Trustees. 

. The past Presidents. 

. The President and Vice-Presidents for the time being. 
. The President and Vice-Presidents elect. 


: 

: In the intervals of the Meetings, the affairs of the Association shall 
; 

: . The past and present General Treasurers, General and 
: 


Assistant General Secretaries. 


. The Local Treasurer and Secretaries for the ensuing 


Meeting. 


. Ordinary Members. 


Ordinary Members shall be elected annually from the 


General Committee. 

: (3) There shall be not more than twenty-five Ordinary Members, of 
: whom not more than twenty shall have served on the Council, 
: as Ordinary Members, in the previous year. 


(4) In order to carry out the foregoing rule, the following Ordinary 
Members of the outgoing Council shall at each annual election 
be ineligible for nomination :—I1st, those who have served on 
the Council for the greatest number of consecutive years; and, 
2nd, those who, being resident in or near London, have 
attended the fewest number of Meetings during the year 
—observing (as nearly as possible) the proportion of three by 
seniority to two by least attendance. 

(5) The Council shall submit to the General Committee in their 
Annual Report the names of the Members of General Com- 
mittee whom they recommend for election as Members of 
Council. 

(6) The Election shall take place at the same time as that of the 
Officers of the Association. 


Papers and Communications. 


The Author of any paper or communication shall be at liberty to 
reserve his right of property therein. 


Accounts. 


The Accounts of the Association shall be audited annually, by Auditor 
appointed by the General Committee. 


1 Passed by the General Committee, Belfast, 1874. 
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REPORT—1892. 


Presidents and Secretaries of the Sections of the Association. 


Date and Place 


1832. 
1833. 
1834. 


1835. 
1836. 
1837. 
1838. 


Presidents 


| Secretaries 


MATHEMATICAL AND PHYSICAL SCIENCES. 


COMMITTEE 


Oxford...... 
Cambridge 
Edinburg oh 


Dublini....<. 
IBTISHOL i e..cs 
Liverpool.. 


Newcastle 


1839. Birmingham 


1840. 


1841. 
1842. 


1843. 
1844. 
1845. 
1846. 
1847. 


1848. 
1849. 


1850. 


Glasgow ... 


Plymouth 
Manchester 


Cambridge 
Southamp- 
ton. 
Swansea ... 
Birmingham 


Edinburgh 


. Ipswich ... 


. Belfast...... 


OF SCIENCES, 


Davies Gilbert, D.C.L., F.R.S. 
Sir D. Brewster, F.R. S. 
Rev. W. Whewell, F.R.S 


I.—MATHEMATICS AND GENERAL PHYSICS. 


Rev. H. Coddington. 


.| Prof. Forbes. 


Prof. Forbes, Prof. Lloyd. 


SECTION A.—MATHEMATICS AND PHYSICS. 


Rev. Dr. Robinson 


seen eeeeres 


Rey. William Whewell, F.R.S. 


.|Sir D. Brewster, F.R.S. ...... 


Sir J. F. W. Herschel, Bart., 
F.R.S. 
Rev. Prof. Whewell, F.R.S... 


Prof. Worbes, WAR:G...csss.sc«s. 


Rev. Prof. Lloyd, F.R.S 

Very Rev. G. Peacock, DD. 
E.R.S. 

Prof. M‘Culloch, M.R.I.A. 

The Earl of Rosse, F.R.S. ... 

The Very Rev. the Dean of 
Ely. 


Sir John F. W. Herschel, 
Bart., F.R.S. 

Rev. Prof. Powell, M.A., 
F.R.S. 


Lord Wrottesley, F.R.S. ...... 
William Hopkins, F.R.S..... 


Prof. J. D. Forbes, F.R.S., 
Sec. R.S.E. 


Rev. W. Whewell, D.D., 
F.BS. 
Prof. W. Thomson, M.A., 


E.R.S. L. & E. 
The Very Rev. the Dean of 
Ely, F.R.S. 


Prof. Sir W. 
Wheatstone. 

Prof. Forbes, W. 8. Harris, F. W. 
Jerrard. 

W. S. Harris, Rev. Prof. Powell, 
Prof. Stevelly. 

Rey. Prof. Chevallier, Major Sabine, 
Prof. Stevelly. 


R. Hamilton, Prof. 


.|J. D. Chance, W. Snow Harris, Prof. 


Stevelly. 

Rev. Dr. Forbes, Prof. Stevelly, 
Arch. Smith. 

.| Prof. Stevelly. 

Prof. M‘Culloch, Prof. Stevelly, Rev. 
W. Scoresby. 


.|J. Nott, Prof. Stevelly. 


Rev. Wm. Hey, Prof. Stevelly. 

Rey. H. Goodwin, Prof. Stevelly, 
G. G. Stokes. 
John Drew, Dr. 

Stokes. 
Rev. H. Price, Prof. Stevelly, G. G. 
Stokes. 


Dr. Stevelly, G. G. Stokes. 


..|Prof. Stevelly, G. G. Stokes, W. 


Ridout Wills. 

W.J.Macquorn Rankine, Prof.Smyth, 
Prof. Stevelly, Prof. G. G. Stokes, 
8. Jackson, W. J. Macquorn Rankine, 

Prof. Stevelly, Prof. G. G. Stokes. 
Prof. Dixon, W. J. Macquorn Ran- 
kine, Prof. Stevelly, J. Tyndall. 


B. Blaydes Haworth, J. D. Sollitt, 
Prof. Stevelly, J. Welsh. 


Stevelly, G. G. . 


_— — 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. li 


Date and Place Presidents Secretaries 


1854. Liverpool...|Prof. G. G. Stokes, M.A., Sec.|J. Hartnup, H. G. Puckle, Prof. 


B.S. Stevelly, J. Tyndall, J. Welsh. 
1855. Glasgow ...|Rev. Prof. Kelland, M.A.,|/Rev. Dr. Forbes, Prof. D. Gray, Prof. 
F.R.S. L. & E. Tyndall. 


1856. Cheltenham|Rev. R. Walker, M.A., F.R.S./C. Brooke, Rev. T. A. Southwood, 
Prof. Stevelly, Rev. J. C. Turnbull. 
1857. Dublin...... Rev. T. R. Robinson, D.D.,|Prof. Curtis, Prof. Hennessy, P. A. 


F.R.S., M.R.LA. Ninnis, W. J. Macquorn Rankine, 
Prof. Stevelly. 
1858. Leeds ...... Rev. W. Whewell, D.D.,|Rev. 8. Earnshaw, J. P. Hennessy, 
V.P.R.S. Prof. Stevelly, H.J.S.Smith, Prof. 
Tyndall. 
1859. Aberdeen...|The Earlof Rosse, M.A., K.P.,| J. P. Hennessy, Prof. Maxwell, H. 
F.R.S. J.S8. Smith, Prof. Stevelly. 
1860. Oxford...... Rev. B. Price, M.A., F.R.S....] Rev. G. C. Bell, Rev. T. Rennison, 


Prof. Stevelly. 
1861. Manchester/G. B. Airy, M.A., D.C.L.,| Prof. R. B. Clifton, Prof. H. J. S. 


F.R.S. Smith, Prof. Stevelly. 
1862. Cambridge |Prof. G. G. Stokes, M.A.,| Prof. R. B. Clifton, Prof, H. J. 8. 
E.R.S. Smith, Prof. Stevelly. 
1863. Newcastle |Prof.W.J. Macquorn Rankine,| Rev. N. Ferrers, Prof. Fuller, F. 
C.E., F.R.S. Jenkin, Prof. Stevelly, Rev. C. T. 
Whitley. 
1864. Bath......... Prof. Cayley, M.A., F.R.S.,| Prof. Fuller, F. Jenkin, Rev. G. 
; F.R.A.S. Buckle, Prof. Stevelly. 
1865. Birmingham |W. Spottiswoode,M.A.,F.R.S.,| Rev. T. N. Hutchinson, F. Jenkin, G. 
f F.R.A.S. S. Mathews, Prof. H. J. S. Smith, 


, J. M. Wilson. 
1866. Nottingham|Prof. Wheatstone, D.C.L.,| Fleeming Jenkin, Prof.H.J.S.Smith, 


F.R.S. Rev. 8. N. Swann, 

1867. Dundee ...|Prof. Sir W. Thomson, D.C.L.,| Rev. G. Buckle, Prof. G. C. Foster, 
F.R.S. Prof. Fuller, Prof. Swan. 

1868. Norwich ...|Prof. J. Tyndall, LL.D.,| Prof. G. C. Foster, Rev. R. Harley, 
E.R.S. R. B. Hayward. 

1869. Exeter...... Prof. J. J. Sylvester, LL.D.,|Prof. G. C. Foster, R. B. Hayward, 

; F.R.S. W. K. Clifford. 

1870. Liverpool...|J. Clerk Maxwell, M.A.,|Prof. W. G. Adams, W. K. Clifford, 
LL.D., F.R.S. Prof. G. C. Foster, Rev. W. Allen 

Whitworth. 


1871. Edinburgh |Prof. P. G. Tait, F.R.S.E. ...|Prof. W. G. Adams, J. T. Bottomley, 
Prof. W. K. Clifford, Prof. J. D. 

Everett, Rev. R. Harley. 
1872. Brighton ...|W. De La Rue, D.C.L., F.R.S.| Prof. W. K. Clifford, J. W. L.Glaisher, 
Prof. A. S. Herschel, G. F. Rodwell. 
. Bradford ...| Prof. H. J. S. Smith, F.R.S. .| Prof. W. K. Clifford, Prof. Forbes, J. 
W.L. Glaisher, Prof. A.S. Herschel. 


1874. Belfast...... Rev. Prof. J. H. Jellett, M.A..|J. W. L. Glaisher, Prof. Herschel, 
e M.R.LA. Randal Nixon, J. Perry, G. F. 
Rodwell. 
1875. Bristol...... Prof. Balfour Stewart, M.A.,| Prof. W. F. Barrett, J.W.L.Glaisher, 
LL.D., F.R.S. C. T. Hudson, G. F. Rodwell. 
6. Glasgow ...|Prof. Sir W. Thomson, M.A.,| Prof. W. F. Barrett, J. T. Bottomley, 
D.C.L., F.B.S. Prof. G. Forbes, J. W. L. Glaisher, 
My T. Muir. 
877. Plymouth...|Prof, G. C. Foster, B.A., F.R.S.,| Prof. W. F. Barrett, J. T. Bottomley, 
Pres. Physical Soc. J. W. L. Glaisher, F. G. Landon. 
878. Dublin...... Rev. Prof. Salmon, D.D.,|Prof. J. Casey, G. F. Fitzgerald, J. 
D.C.L., F.R.S. W. L. Glaisher, Dr. O. J. Lodge. 
1879. Sheffield ...|George Johnstone Stoney,|A. H. Allen, J. W. L. Glaisher, Dr. 
M.A., F.R.S. O. J. Lodge, D. MacAlister. 
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1880. 
1881. 
1882. 


1883. 
1884. 


1885. 
1886. 
1887. 
1888. 
1889. 


1890. 
1891. 


1892. 


1832. 
1833. 
1834. 


1835. 
1836. 


1837. 
18388. 


1839. 
1840, 


1841. 


1842. 
1843. 


1844. 
1845. 


1846, 


Date and Place Presidents Secretaries 
Swansea ...| Prof. W. Grylls Adams, M.A.,)W. E. Ayrton, J. W. L. Glaisher, 
F.R.S. Dr. O. J. Lodge, D. MacAlister, 
WOLKA Se savas Prof. Sir W. Thomson, M.A.,| Prof. W. E. Ayrton, Prof. 0. J. Lodge, 
LL.D., D.C.L., F.R.S. D. MacAlister, Rev. W. Routh. 
Southamp- | Rt. Hon. Prof. Lord Rayleigh,|W. M. Hicks, Prof. O. J. Lodge, 
ton. M.A., F.R.S. D. MacAlister, Rev. G. Richard- 
son. 
Southport | Prof.O,Henrici, Ph.D., F.R.S.|W. M. Hicks, Prof. O. J. Lodge, 
D. MacAlister, Prof. R. C. Rowe. 
Montreal ...| Prof. Sir W. Thomson, M.A.,|C. Carpmael, W. M. Hicks, Prof. A. 
LL.D., D.C.L., F.R.S. Johnson, Prof. O. J. Lodge, Dr. D. 
MacAlister. 
Aberdeen...|Prof. G. Chrystal, M.A.,|R. E. Baynes, R. T. Glazebrook, Prof. - 
F.R.S.E. W. M. Hicks, Prof. W. Ingram. 
Birmingham | Prof. G. H. Darwin, M.A.,|R. E. Baynes, R. T. Glazebrook, Prof. 
LL.D., F.R.S. J. H. Poynting, W. N. Shaw. 
Manchester | Prof. Sir R. S. Ball, M.A.,|R. E. Baynes, R. T. Glazebrook, Prof. 
LL.D., F.R.S. H. Lamb, W. N. Shaw. 
BatD ie cweas 6 Prof. G. F. Fitzgerald, M.A.,|R. E. Baynes, R. T. Glazebrook, A. 
F.B.S. Lodge, W. N. Shaw. 
Newcastle- | Capt. W. de W. Abney, C.B.,|R. E. Baynes, R. T. Glazebrook, Prof. 
upon-Tyne| R.E., F.R.S. A. Lodge, W. N. Shaw, Prof. H. 
|_ Stroud. 
heeds +... J. W. L. Glaisher, Sc.D,,/R. T. Glazebrook, Prof. A. Lodge, 
F.R.S., V.P.R.A.S. W. N. Shaw, Prof. W. Stroud. 
Cardiff ......| Prof. O. J. Lodge, D.Sc.,/R. E. Baynes, J. Larmor, Prof. A. 
| LL.D., F.R.S. Lodge, Prof. A. L. Selby. 
Edinburgh | Prof. & Schuster, Ph.D.,|/R. E. Baynes, J. Larmor, Prof. A. 
F.RB.S., F.R.A.S. | Lodge, Dr. W. Peddie. 
CHEMICAL SCIENCE. 
COMMITTEE OF SCIENCES, IIl.— CHEMISTRY, MINERALOGY. 
Oxford...... John Dalton, D.C.L., F.R.S. |James F. W. Johnston. 
Cambridge | John Dalton, D.C.L., F.R.S, | Prof. Miller. 
Heaimbursho|DrAHOpey, wesercase«oscccseess «sles Mr. Johnston, Dr. Christison. 
SECTION B.—CHEMISTRY AND MINERALOGY. 
Dublin's. | Dr. T. Thomson, F.R.S . Dr. Apjohn, Prof. Johnston. 
Bristol ...... Rev. Prof. Cumming ......... Dr. Apjohn, Dr. C. Henry, W. Hera- 
ath. 
Liverpool... Michael Faraday, F.R.S....... ‘Prof. Johnston, Prof. Miller, Dr, 
Reynolds. 
Newcastle Rev. William Whewell,F,R.S, Prof. Miller, H. L. Pattinson, Thomas 
ras BE | Richardson. 
Birmingham Prof. T. Graham, F.R.S. . Dr. Golding Bird, Dr. J. B. Melson. 
Glasgow ...| Dr. Thomas Thomson, F.R.S.| |Dr. R. D. “Thomson, Dri, Clank, 
Dr. L. Playfair. 
Bigrabet (Be) Daubeny, F.R.S. ......... J. Prideaux, Robert Hunt, W. M. 
Tweedy. 
Manchester | John Dalton, D.C.L., F.R.S. (Dr. L. Playfair, R. Hunt, J. Graham. 
Work. w.Ge sae Prof. Apjohn, M.R.LA........./R. Hunt, Dr. Sweeny. 
York......... Prof. T. Graham, F.R.S. ....../ Dr. L. Playfair, E, Solly, T. H. Barker. 
Cambridge | Rey. Prof. Cumming ......... R. Hunt, J. P. Joule, Prof. Miller, 
E. Solly. . 
Southamp- |Michael Faraday, D.C.L., | Dr. Miller, R. Hunt, W. Randall, 
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1874. Belfast...... 
1875. Bristol 
1876. Glasgow 
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1847. 1847. Oxford...... Weez’s 
1848. Swansea ... 
1849. Birmingham 
1850. Edinburgh 
1851. Ipswich ... 
1852. Belfast...... 
S63; Boll . oc... 


1854. Liverpool 


1855. Glasgow ... 
1856. Cheltenham 
1857. Dublin 


1858. Leeds ...... 
1859. Aberdeen... 
1860. Oxford 


1861. Manchester 
1862. Cambridge 


1863. Newcastle 

1864. Bath......... 
1865. Birmingham 
1866. Nottingham 
1867. Dundee 
1868. Norwich ... 
1869, Exeter ...... 
1870. Liverpool.. 
1871. Edinburgh 
1872. Brighton... 
1873. Bradford ... 


1877. Plymouth... 
1878. Dublin 


1879. Sheffield .. 


ae Perot. 


.|Prof. H. EH. Roscoe, 


...|W. H. Perkin, F.B.S. 


Presidents 


Rev. W. V. Harcourt, M.A., 


Richard Phillips, F.R.S. ...... 
John Percy, M.D., F.R.S....... 
Dr. Christison, V.P.R.S.E. 

Prof. Thomas Graham, F.R.S8. 
Thomas Andrews, M.D.,F.R. 


Prof. J. F. W. Johnston, M.A., 
F.R.S. 
Prof.W. A.Miller, M.D.,F.R.S. 


Dr. Lyon Playfair,C.B.,F.R.8. 
Prof. B. C. Brodie, F.R.S. .. 


|Prof. Apjohn, M.D., F.R.S., 


M.R.LA. 

Sir J. F. W. Herschel, Bart., 
D.C.L. 

Dr. Lyon Playfair, C.B., F.R.S. 


Prof. B. C. Brodie, F.R.S...... 


Prof. W.A.Miller, M.D.,F.R.S. 
Prof. W.H. Miller, M.A.,F.R.S. 


Dr. Alex. W. Williamson, 
E.R.S. 

W. Odling, M.B., F.R.S., 
F.C.8. 

Prof. W. A. Miller, M.D., 
V.P.R.S. 


H. Bence Jones, M.D., F.R.S. 


T. Anderson, 
F.R.S.E. 

Prof. E. Frankland, F.R.S., 
F.C.S. 

Dr. H. Debus, F.R.S., F.C.S. 


F.R.S., F.C.S. 
Prof. T. Andrews, M.D., F.R.S. 
Dr. J. H. Gladstone, F.R.S.... 
Prof. W. J. Russell, F.R.S.... 
Prof. A. Crum Brown, M.D., 
F.R.S.E., F.C.S. 
A. G. Vernon Harcourt, M.A., 
F.R.S., F.C.S8. 
F. A. Abel, F.R.S., F.C.S. ... 


Prof. Maxwell Simpson, M.D., 
F.R.S., F.C.S. 


. Prof. Dewar, M.A., F.R.S. 


-|J. Horsley, P. J. Worsley, 


M.D., 


B.A., 


Secretaries 


B. C. Brodie, B. Hunt, Prof. Solly. 


T. H. Henry, R. Hunt, T. Williams. 
R. Hunt, G. Shaw. 

Dr. Anderson, R. Hunt, Dr. Wilson. 
T. J. Pearsall, W. S. Ward. 


8.|Dr. Gladstone, Prof. Hodges, Prof. 


Ronalds. 

H. 8. Blundell, Prof. R. Hunt, T. J. 
Pearsall. 

Dr. Edwards, Dr. Gladstone, Dr. 
Price. 

Prof. Frankland, Dr. H. KE. Roscoe. 

Prof. 
Voelcker. 

Dr. Davy, Dr. Gladstone, Prof. Sul- 
livan. 

Dr. Gladstone, W. Odling, 
nolds. 

J. 8. Brazier, Dr. Gladstone, G. D. 
Liveing, Dr. Odling. 

A. Vernon Harcourt, G. D. Liveing, 
A. B. Northcote. 

A. Vernon Harcourt, G. D. Liveing. 

H. W. Elphinstone, W. Odling, Prof. 
Roscoe. 

Prof, Liveing, H. L. Pattinson, J. C. 
Stevenson. 

A. V. Harcourt, Prof. Liveing, R. 
Biggs. 

A. V. Harcourt, H. Adkins, Prof. 
Wanklyn, A. Winkler Wills. 

J. H. Atherton, Prof. Liveing, W. J. 
Russell, J. White. 

A. Crum Brown, Prof. G. D. Liveing, 
W. J. Russell. 

Dr. A. Crum Brown, Dr. W. J. Rus- 
sell, F. Sutton. 

Prof. A. Crum Brown, Dr. W. J. 
Russell, Dr. Atkinson. 

Prof. A. Crum Brown, A. E. Fletcher, 
Dr. W. J. Russell. 

J.T. Buchanan, W. N. Hartley, T. 
KE. Thorpe. 

Dr. Mills, W. Chandler Roberts, Dr. 
W. J. Russell, Dr. T. Wood. 

Dr. Armstrong, Dr. Mills, W. Chand- 
ler Roberts, Dr. Thorpe. 

Dr. T. Cranstoun Charles, W. Chand- 
ler Roberts, Prof. Thorpe. 

Dr. H. E. Armstrong, W. Chandler 
Roberts, W. A. Tilden. 


R. Rey- 


...-.|W. Dittmar, W. Chandler Roberts, 


J. M. Thomson, W. A. Tilden. 

Dr. Oxland, W. Chandler Roberts, 
J. M. Thomson. 

W. Chandler Roberts, J. M. Thom- 
son, Dr. C. R. Tichborne, T, Wills. 

H. S. Bell, W. Chandler Roberts, J. 
M. Thomson. 
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1880. Swansea ... 
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1882. Southamp- 
ton. 
1883. Southport 


1884. Montreal ... 
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1887. Manchester 
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upon-Tyne 


1890. 
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1892. Edinburgh 


REPORT— 1892. 


Presidents 


Joseph Henry Gilbert, Ph.D., 
F.R.S. 


Prof. A. W. Williamson, Ph.D., 
F.R.S. 

Prof. G. D. Liveing, M.A., 
F.R.S. 

Dr. J. H. Gladstone, F.R.S... 


Prof. Sir H. E. Roscoe, Ph.D., 
LL.D., F.R.S. 

Prof. H. E. Armstrong, Ph.D., 
F.R.S., Sec. C.S. 

W. Crookes, F.R.S., V.P.C.S. 


Dr. E. Schunck, F.R.S8., F.C.S. 


Prof. W. A. Tilden, 
F.R.S., V.P.C.S. 


D.Sc., 


Sir I. Lowthian Bell, 
D.C.L., F.R.S., F.C.S. 


Bart., 
Prof. I. H. Thorpe, B.S8c., 
Ph.D., F.R.S., Treas. C.S. 


Prof. W. C. Roberts-Austen, 
C.B.,)H.B.8., HLC.S. 


Prof. H.McLeod,F.R.S.,F.C.8, 


Secretaries 


P. Phillips Bedson, H. B. Dixon, Dr. — 
W. R. Eaton Hodgkinson, J. M. 
Thomson, 

P. Phillips Bedson, H. B. Dixon, 
T. Gough. 

P. Phillips Bedson, H. B. Dixon, 
J. L. Notter. 

Prof. P. Phillips Bedson, H. B. 
Dixon, H. Forster Morley. 

Prof. P. Phillips Bedson, H. B. Dixon, 
T. McFarlane, Prof. W. H. Pike. 
Prof. P. Phillips Bedson, H. B. Dixon, 

H. Forster Morley,Dr.W.J.Simpson. 

Prof. P. Phillips Bedson, H. B. 
Dixon, H. Forster Morley, W. W. 
J. Nicol, C. J. Woodward. 

Prof. P. Phillips Bedson, H. Forster 
Morley, W. Thomson. 

Prof. H. B. Dixon, Dr. H. Forster 
Morley, R. E. Moyle, Dr. W. W. 
J. Nicol. 

Dr. H, Forster Morley, D. H. Nagel, 
Dr. W. W. J. Nicol, H. L. Pattin- 
son, jun. 

C. H. Bothamley, Dr. H. Forster 
Morley, D. H. Nagel, Dr. W. W. 
J. Nicol. 

C. H. Bothamley, Dr. H. Forster 
Morley, Dr. W. W. J. Nicol, Dr. 
G. 8. Turpin. 

Dr. J. Gibson, Dr. H. Forster Morley, 


D. H. Nagel, Dr. W. W. J. Nicol. 


GEOLOGICAL (ayn, unr 1851, GEOGRAPHICAL) SCIENCE. 
COMMITTHE OF SCIENCES, III.—GEOLOGY AND GEOGRAPHY. 


1832. Oxford...... 
1833. Cambridge. 
1834. Edinburgh . 


1835. Dublin 
1836. Bristol 


eeeeee 


1837. Liverpool... 


1838. Newcastle. . 


1839. Birmingham 


1840. Glasgow ... 


1841. Plymouth... 


|R. I. Murchison, F.R.S. .. 


Prof. Jameson 


PROM aU serasccssespraassees 

Rev. Dr. Buckland, F.R.S.— 

eo ply, RB. 1. Murchison, 
F.R.S. 


Rev. Prof. Sedgwick, F.R.S.— 
Geography, G.B.Greenough, 
F.R.S. 


C. Lyell, F.R.S., V.P.G.S.— 
Geography, Lord Prudhoe. 

Rev. Dr. Buckland, F.R.S.— 
Geography, G.B.Greenough, 
F.R.S 


Charles Lyell, F.R.S.—G@eo- 
graphy, G. B. Greenough, 
E.R.S. 


H. T. De la Beche, F.R.S. 


. John Taylor. 
G. B. Greenough, F.R.S. ......) 


W. Lonsdale, John Phillips. 
Prof. Phillips, T. Jameson Torrie, 
Rev. J. Yates. 


SECTION C.—GEOLOGY AND GEOGRAPHY. 


Captain Portlock, T. J. Torrie. : 
William Sanders, 8S. Stutchbury, 
T. J. Torrie. 


Captain Portlock, R. Hunter.—@eo- 
grephy, Captain H. M. Denham, 
RN, 


Wise “Trevelyan, Capt. Portlock.— 
Geography, Capt. Washington. ~ 
George Lloyd, M.D., H. E. Strick- 

land, Charles Darwin. 


W. J. Hamilton, D. Milne, Hugh 
Murray, H. E. Strickland, John 
Scoular, M.D. 


.../ W.J. Hamilton, Edward Moore, M.D., 


R. Hutton. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. lv 
Date and Place Presidents Secretaries 
1842, Manchester |R. I. Murchison, F.R.S. ...... E. W. Binney, R. Hutton, Dr. R, 
Lloyd, H. E. Strickland. 
1843. Cork......... Richard E. Griffith, F.R.S.,|Francis M. Jennings, H. E. Strick- 
M.R.LA. land. 
1844, York......... Henry Warburton, M.P., Pres.| Prof. Ansted, E. H. Bunbury. 
Geol. Soc. 


1845. Cambridge.|Rev. Prof. Sedgwick, M.A.,| Rev. J. C. Cumming, A. C. Ramsay, 
F.R.S. Rev. W. Thorp. 

Leonard Horner,F.R.S.— Geo-| Robert A. Austen, Dr. J. H. Norton, 
graphy, G. B. Greenough, Prof, Oldham.— Geography, Dr. C. 
FE.R.S. T. Beke. 

Very Rev.Dr.Buckland,F.R.S. | Prof. Ansted, Pref. Oldham, A. C. 

Ramsay, J. Ruskin. 


Sir H. T. De la Beche, C.B.,|Starling Benson, Prof. 


1846. Southamp- 
ton. 


1847. Oxford...... 


1848. Swansea ... Oldham, 


1849.Birmingham 
1850. Edinburgh! 


F.R.S. 


Prof. Ramsay. 


Sir Charles Lyell, F.R.S.,|J. Beete Jukes, Prof. Oldham, Prof. 


¥.G.8. 


A. C. Ramsay. 


Sir Roderick I. Murchison,|A. Keith Johnston, Hugh Miller, 


F.R.S. 


Prof. Nicol. 


SECTION ¢ (continued).—GEOLOGY. 


1851. Ipswich ...) WilliamHopkins, M.A.,F.R.S. C. J. F. Bunbury, G. W. Ormerod, 
Searles Wood. 
1852. Belfast...... Lieut.-Col. Portlock, R.E., James Bryce, James MacAdam, 
FE.R.S. Prof. M‘Coy, Prof. Nicol. 
1853. Hull......... Prof. Sedgwick, F.R.S........- Prof. Harkness, William Lawton. 
1854. Liverpool..|Prof. Edward Forbes, F.R.S. John Cunningham, Prof. Harkness, 
G. W. Ormerod, J. W. Woodall. 
1855. Glasgow ...|Sir R. I. Murchison, F.R.S.... James Bryce, Prof. Harkness, Prof. 
Nicol. 
1856. Cheltenham’ Prof. A. C. Ramsay, F.B.S....|Rev. P. B. Brodie, Rev. R. Hep- 
worth, Edward Hull, J. Scougall, 
T. Wright. 
1857. Dublin...... The Lord Talbot de Malahide Prof. Harkness, Gilbert Sanders, 
Robert H. Scott. 
1858. Leeds ...... William Hopkins, M.A.,LL.D.,| Prof. Nicol, H. C. Sorby, E. W. 
F.R.S. ; Shaw. 
1859. Aberdeen,..|Sir Charles Lyell, LL.D.,| Prof. Harkness, Rev. J. Longmuir, 
D.C.L., F.R.S. H. C. Sorby. 
1860. Oxford...... Rev. Prof. Sedgwick, LL.D.,| Prof. Harkness, Edward Hull, Capt. 
, E.R.S., F.G.5. | D.C. L. Woodall. 
1861. Manchester |Sir R. I. Murchison, D.C.L.,| Prof. Harkness, Edward Hull, T. 
LL.D., F.R.S. Rupert Jones, G. W. Ormerod. 
1862, Cambridge |J. Beete Jukes,-M.A., F.R.S.| Lucas Barrett, Prof. T. Rupert 
Jones, H. C. Sorby. 
1863. Newcastle | Prof. Warington W. Smyth,|E. F. Boyd, John Daglish, H. C. 
F.R.S., F.G.S. Sorby, Themas Sopwith. 
1864. Bath......... Prof. J. Phillips, LL.D.,)W. B. Dawkins, J. Johnston, H. C. 
F.RB.S., F.G.8. Sorby, W. Pengelly. 
1865.Birmingham|Sir R. I. Murchison, Bart.,| Rev. P. B. Brodie, J. Jones, Rev. EH. 
K.C.B. Myers, H. C. Sorby, W. Pengelly. 
1866. Nottingham| Prof. A. C. Ramsay, LL.D., R. Etheridge, W. Pengelly, T. Wil- 
F.R.S. | son, G. H. Wright. 


1 Ata meeting of the General Committee held in 1850, it was resolved ‘ That 
the subject of Geography be separated from Geology and combined with Ethnology, 


to constitute a separate Section, under the title of the “Geographical and Kthno- 
logical Section,’”’’ for Presidents and Secretaries of which see page 1x1. 
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Dundee 
Norwich ... 
Hxeter is... 
Liverpool... 
Edinburgh 
Brighton... 
Bradford ... 
Belfast...... 
Bristol 


Glasgow .. 
Plymouth... 


Dublin...... 


Sheffield ... 
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..|Archibald Geikie, 


Presidents 
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F.G.S. 

R. A. C. Godwin-Austen, 
F.R.S., F.G.S. 

Prof. R. Harkness, F.R.S., 
F.G,S. 

Sir Philipde M.Grey Egerton, 
Bart., M.P., F.R.S. 

Prof. A. Geikie, F.R.S., F.G.S. 


R. A. C. Godwin-Austen, 
F.R.S., F.G.S. 


Prof. J. Phillips, D.C.L., 
E.B.S., F.G.8. 
Prof. Hull, M.A. F.B.S., 


F.G.S. 
Dr. Thomas Wright, F.R.8.E., 
F.G.S. 


.| Prof. John Young, M.D. ...... 


W. Pengelly, F.R.S., F.G.S. 


John Evans, D.C.L., F.R.S., 
F.S.A., F.G.S8. 

Prof. P. Martin Duncan, M.B., 
F.R.S., F.G.S. 

H. C. Sorby, LL.D., F.R.S., 
E.G.S. 

A. C. Ramsay, LL.D., F.R.S., 
E.G.S. 

R. Etheridge, F.R.S., F.G.S. 


Prot.s Wau 0: 
LL.D., F.R.'. 

W. T. Blanford, F.RS., Sec. 
GS. 


Williamson, 


| Prof, J. W. Judd, F.R.S., Sec. 


G.S. 

Prof. T. G. Bonney, D.Sc., 
LL.D., F.R.S., F.G.S. 

Henry Woodward, LL.D., 
E.R.S., F.G.S. 

Prof. W. Boyd Dawkins, M.A., 
¥.R.S., F.G.S. 

Prof. J. Geikie, LL.D., D.C.L., 
F.R.S., F.G.S. 

Prof. A. H. Green, 
F.R.S., F.G.S8. 

Prof, T. Rupert Jones, F.R.S., 
F.G:S. 

Prof. C. Lapworth, LL.D., 
F.R.S., F.G.S. 


M.A, 


Secretaries 


Edward Hull, W. Pengelly, Henry 
Woodward. 
Rev. O. Fisher, Rev. J. Gunn, W. 
Pengelly, Rev. H. H. Winwood. 
W. Pengelly, W. Boyd Dawkins, 
Rey. H. H. Winwood. 

|W. Pengelly, Rev. H. H. Winwood, 

W. Boyd Dawkins, G. H. Morton. 

|R. Etheridge, J. Geikie, T. McKenny 

Hughes, L. C. Miall. 

|L. C. Miall, George Scott, William 

| Topley, Henry Woodward. 

L. C. Miall, R. H. Tiddeman, W- 
Topley. 

F. Drew, L. C. Miall, R. G. Symes, 
R. H. Tiddeman. 

L. C. Miall, E. B. Tawney, W. Top- 
ley. 

J.Armstrong,F.W.Rudler, W.Topley. 

Dr. Le Neve Foster, R. H. Tidde- 
man, W. Topley. 

E. T. Hardman, Prof. J. O’Reilly, 
R. H. Tiddeman. 

W. Topley, G. Blake Walker. 


W. Topley, W. Whitaker. 


J. E. Clark, W. Keeping, W. Topley, 

| W. Whitaker. 

'T. W. Shore, W. Topley, E. West- 

| lake, W. Whitaker. 

'R. Betley, C. E. De Rance, W. Top- 

ley, W. Whitaker. 

|F. Adams, Prof. E. W. Claypole, W. 
Topley, W. Whitaker. 

C. E. De Rance, J. Horne, J. J. H. 
Teall, W. Topley. 

W. J. Harrison, J. J. H. Teall, W. 
Topley, W. W. Watts. 

|J. EK. Marr, J. J. H. Teall, W. Top- 
ley, W. W. Watts. 

Prof. G. A. Lebour, W. Topley, W. 
W. Watts, H. B. Woodward. 

Prof. G. A. Lebour, J. E. Marr, W. 
W. Watts, H. B. Woodward. 

J. E. Bedford, Dr. F. H. Hatch, J. 
E. Marr, W. W. Watts. 

W. Galloway, J. E. Marr, Clement 
Reid, W. W. Watts. 

H. M. Cadell, J. E. Marr, Clement 
Reid, W. W. Watts. 


BIOLOGICAL SCIENCES. 
COMMITTEE OF SCIENCES, IV.—ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 


|Rev. P. B. Duncan, F.G.S. ...|Rev. Prof. J. 8S. Henslow. 
1833. Cambridge’) Rev. W. L. P. Garnons, F.L.S. C. C. Babington, D. Don. 


|W. Yarrell, Prof. Burnett. 


1 At this Meeting Physiology and “Anatomy were made a separate Committee, 
for Presidents and Secretaries of which see p. lx. 
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Prof. Huxley, F.R.S. 
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\J. EH. Gray, Prof. Jones, R. Owen, 

Dr. Richardson: 

|E. Forbes, W. Ick, R. Patterson. 

Prof. W. Couper, E. Forbes, R. Pat- 
terson. 


Plymouth... | John Richardson, M.D.,F.R.S. | J. Couch, Dr. Lankester, R. Patterson. 
Manchester |Hon. and Very Rev. W. Her-| Dr. Lankester, R. Patterson, J. A. 


| Turner. 

iG. J. Allman, Dr. Lankester, R. 
| Patterson. 

Prof. Allman, H. Goodsir, Dr. King, 
| Dr. Lankester. 


Cambridge | Rev. Prof. Henslow, F.L.S....| Dr. Lankester, T. V. Wollaston. 


'Dr. Lankester, T. V. Wollaston, H. 
| Wooldridge. 

‘Dr. Lankester, Dr. Melville, T. V. 
| Wollaston. 


SECTION D (continued).—zZOOLOGY AND BOTANY, INCLUDING PHYSIOLOGY. 


__ [For the Presidents and Secretaries of the Anatomical and Physiological Subsec- 
‘tions and the temporary Section E of Anatomy and Medicine, see p. 1x. ] 


Dr. R. Wilbraham Falconer, A. Hen- 
frey, Dr. Lankester. 
Dr. Lankester, Dr. Russell. 

Prof. J. H. Bennett, M.D., Dr. Lan- 
kester, Dr. Douglas Maclagan. 
Prof. Allman, F. W. Johnston, Dr. E. 

Lankester. 
Dr. Dickie, George C. Hyndman, Dr. 
Edwin Lankester. 
Robert Harrison, Dr. E. Lankester. 
Isaac Byerley, Dr. E. Lankester. 
William Keddie, Dr. Lankester. 
Dr. J. Abercrombie, Prof. Buckman, 
Dr. Lankester. 
| Prof. J. R. Kinahan, Dr. E. Lankester, 
| Robert Patterson, Dr. W. E. Steele. 
‘Henry Denny, Dr. Heaton, Dr. E. 
Lankester, Dr. E. Perceval Wright. 
Prof. Dickie, M.D., Dr. E. Lankester, 
Dr. Ogilvy. 
W. S. Church, Dr. E. Lankester, P. 
L. Sclater, Dr. E. Perceval Wright. 
Dr. T. Alcock, Dr. E. Lankester, Dr. 
P. L. Sclater, Dr. E. P. Wright. 
Alfred Newton, Dr. E. P. Wright. 
Dr. E. Charlton, A. Newton, Rev. H. 
| 5. Tristram, Dr. E. P. Wright. 
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REPORT—1 892, 


Date and Place | 


1864. 


1865 


1866. 


1867. 


1868. 


1869. 


1870. 


1871. 


1872. 


1873. 


1874. 


1875, 


__| At a meeting of the General Committee in 1865, it was resolved:—‘That the 
title of Section D be changed to Biology ;’ and ‘That for the word “Subsection,” 
in the rules for conducting the business of the Sections 


Presidents 


Secretaries 


Dr. John E. Gray, F.R.S. ... 


wee eeee 


eee Thomson, M.D., F.R.S. 


SECTION D (continued).—BioLoey.! 


Nottingham|Prof. Huxley, LL.D., F.R.S. 
—Physiological Dep., Prof. 
Humphry, M.D., F.R.S.— 
Anthropological Dep., Alf. 
R. Wallace, F.R.G:S. 

..-| Prof. Sharpey, M.D., Sec. R.S. 
—Dep. of Zool. and Bot., 
George Busk, M.D., F.R.S. 

Norwich ...|Rev. M. J. Berkeley, F.L.S. 

—Dep. of Physiology, W. 
H. Flower, F.R.S. 


Dundee 


Exeter ....../]George Busk, F.R.S., F.L.S. 
—Dep. of Bot. and Zool., 
C. Spence Bate, F.R.S.— 
Dep. of Ethno., E. B. Tylor. 


‘H. B. Brady, C. E. Broom, H. 
‘Dr. J. Anthony, Rev. C. Clarke, Rev. 


Liverpool...| Prof.G. Rolleston, M.A., M.D., 
F.R.S., F.L.8.—Dep. of 
Anat. and Physiol., Prof. M. 
Foster, M.D., F.L.8.—Dep. 
of Ethno., J. Evans, F.R.S. 

Edinburgh ./Prof. Allen Thomson, M.D., 
F.R.S.—Dep. of Bot. and 
Zool.,Proft.WyvilleThomson, 
F.R.S.—Dep. of Anthropol., 
Prof. W. Turner, M.D. 

Sir J. Lubbock, Bart.,F.R.S.— 
Dep. of Anat. and Physiol., 
Dr. Burdon Sanderson, 
F.R.S.—Dep. of Anthropol., 
Col. A. Lane Fox, F.G.S. 

Prof. Allman, F.R.S.—Dep. of 
Anat.and Physiol.,Prof. Ru- 
therford, M.D.— Dep. of An- 
thropol., Dr. Beddoe, F.R.S. 

Belfast .....,| Prof. Redfern, M.D.— Dep. of 

Zool. and Bot., Dr. Hooker, 
C.B.,Pres.R.S.— Dep. of An- 


Brighton ... 


Bradford ... 


Bristol ...... P. L. Sclater, F.R.S.— Dep. of 
Anat.and Physiol.,Prof.Cle- 
land, M.D., F.R.S.—Dep. of 
Anthropol., Prof. Rolleston, 


M.D., F.B.S. 


throp., Sir W.R. Wilde, M.D. 


TS 
# 


Stainton, Dr. E. P. Wright. 
H. B. Tristram, Dr. E. P. Wright. 


Dr. J. Beddard, W. Felkin, Rev. H, — 
B. Tristram, W. Turner, E. B.. 
Tylor, Dr. E. P. Wright. 


C. Spence Bate, Dr. S. Cobbold, Dr. 
M. Foster, H. T. Stainton, Reyv.. 
H. B. Tristram, Prof. W. Turner. — 

Dr. T. 8. Cobbold, G. W. Firth, Dr. 
M. Foster, Prof. Lawson, H. T._ 
Stainton, Rev. Dr. H.B. Tristram, — 
Dr. E. P. Wright. : 

Dr. T. 8. Cobbold, Prof. M. Foster, | 
E. Ray Lankester, Prof. Lawson,. — 
H. T, Stainton, Rev. H. B. Tris- 
tram. ’ 

Dr. T. 8. Cobbold, Sebastian Evans, 
Prof. Lawson, Thos. J. Moore, H. 
T. Stainton, Rev. H. B. Tristram 
C. Staniland Wake, E. Ray Lan- 
kester. 

Dr. T. R. Fraser, Dr, Arthur Gamgee,. 
E. Ray Lankester, Prof. Lawson, 
H. T. Stainton, C. Staniland Wake, 
Dr. W. Rutherford, Dr. Kelburne 
King. 

Prof. Thiselton- Dyer, H, T. Stainton,. 
Prof. Lawson, F. W. Rudler, J. H. 
Lamprey, Dr. Gamgee, E. Ray 
Lankester, Dr. Pye-Smith. 


Prof. Thiselton-Dyer, Prof. Lawson,. 
R. M‘Lachlan, Dr. Pye-Smith, E. 
Ray Lankester, F. W. Rudler, J. 
H. Lamprey. 

W.T. Thiselton- Dyer, R. O. Cunning- 
ham, Dr. J. J. Charles, Dr. P. H. 
Pye-Smith, J. J. Murphy, F. W.. 
Rudler. a 

BE. kK. Alston, Dr. MeKendrick, Prof. 
W. R. M‘Nab, Dr. Martyn, F. W. 
Rudler, Dr. P. H. Pye-Smith, Dr. | 
W. Spencer. 


be substituted.’ 


. the word “ Department’ 


Date and Place Presidents 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


lix 


Secretaries 


A. Russel Wallace, F.R.G.S., 
F.L.S.—Dep. of Zool. and 
Bot., Prof. A. Newton, M.A., 
F.R.S.— Dep. of Anat. and 
Physiol., Dr. J. G. McKen- 
drick, F.R.8.E. 

J.GwynJefireys, LL.D.,F.R.S., 
F.L.S.—Dep. of Anat. and 
Physiol., Prof. Macalister, 
M.D.—Dep. of Anthropol., 
Francis Galton, M.A.,F.R.S. 

Prof. W. H. Flower, F.R.S.— 
Dep. of Anthropol., Prof. 
Huxley, Sec. R.S.—Dep. 
of Anat. and Physiol. RB. 
McDonnell, M.D., F.R.S. 

Prof. St. George Mivart, 
F.R.S.— Dep. of Anthropol., 
E. B. Tylor, D.C.L., F.R.8. 
—Dep. of Anat. and Phy- 
siol., Dr. Pye-Smith. 

A. C. L. Giinther, M.D., F.R.S. 
—Dep. of Anat. and Phy- 
siol., F. M. Balfour, M.A., 
F.R.S.—Dep. of Anthropol., 
F. W. Rudler, F.G.S. 

Richard Owen, C.B., M.D., 
F.R.S.—Dep.of Anthropol., 
Prof. W. H. Flower, LL.D., 
F.R.S.— Dep. of Anat. and 
Physiol., Prof. J. 8. Burdon 
Sanderson, M.D., F.R.S. 

Prof. A. Gamgee, M.D., F.R.S8. 
— Dep. of Zool. and Bot., 
Prof. M. A. Lawson, M.A., 
F.L.S.—Dep. of Anthropol., 
Prof. W. Boyd Dawkins, 
M.A., F.R.S. 

Prof. E. Ray Lankester, M.A., 
F.R.S.— Dep. of Anthropal., 
W. Pengelly, F.R.S. 


876. Glasgow ... 


1877, Plymouth... 


1878, Dublin 


1879, Sheffield ... 


1880, Swansea ... 


SOL. LOK sesseces- 


1882. Southamp- 
ton, 


1883, Southport! 


1884. Montreal’... 
F.R.S. 

Prof. W. C. McIntosh, M.D., 
LL.D., F.R.S. F.R.S.E. 


1885. Aberdeen... 
1886. Birmingham|W. Carruthers, Pres. L.S., 
F.B.S,, F.G.S. 


1887. Manchester | Prof. A. Newton, M.A., F.R.S., 
F.L.S., V.P.Z.8. 


Prof. H. N. Moseley, M.A., 


E. R. Alston, Hyde Clarke, Dr. 
Knox, Prof. W. R. M‘Nab, Dr. 
Muirhead, Prof. Morrison Wat- 
son. 


E. R. Alston, F. Brent, Dr. D. J. 
Cunningham, Dr. C, A. Hingston, 
Prof. W. R. M‘Nab, J. B. Rowe, 
F. W. Rudler. 


Dr. R. J. Harvey, Dr. T. Hayden, 
Prof. W. R. M‘Nab, Prof. J. M. 
Purser, J. B. Rowe, F. W. Rudler. 


Arthur Jackson, Prof. W. R. M‘Nab, 
J. B. Rowe, F, W. Rudler, Prof. 
Schifer. 


G. W. Bloxam, John Priestley, 
Howard Saunders, Adam Sedg- 
wick. 


G. W. Bloxam, W. A. Forbes, Rey. 
W. C. Hey, Prof. W. R. M‘Nab,. 
W. North, John Priestley, Howard 
Saunders, H. HE. Spencer. 


G. W. Bloxam, W. Heape, J. B. 
Nias, Howard Saunders, A. Sedg- 
wick, T. W. Shore, jun. 


G. W. Bloxam, Dr. G. J. Haslam,. 
W. Heape, W. Hurst, Prof. A. M. 
Marshall, Howard Saunders, Dr, 
G. A. Woods. 

Prof. W. Osler, Howard Saunders, A. 
Sedgwick, Prof. R. R. Wright. 

W. Heape, J. McGregor-Robertson,,. 
J. Duncan Matthews, Howard 
Saunders, H. Marshall Ward. 

Prof. T. W. Bridge, W. Heape, Prof. 
W. Hillhouse, W. L. Sclater, Prof, 
H. Marshall Ward. 

C. Bailey, F. E. Beddard, 8. F. Har- 
mer, W. Heape, W. L. Sclater, 
Prof. H. Marshall Ward. 


1 By direction of the General Committee at Southampton (1882) the Departments 
Zoology and Botany and of Anatomy and Physiology were amalgamated. 

2 By authority of the General Committee, Anthropology was made a separate 
Section, for Presidents and Secretaries of which see p. lxvii. 


lx REPORT— 1892. 
Date and Place Presidents Secretaries 
1888. Bath......... W. T. Thiselton-Dyer, C.M.G.,|F. E. Beddard, 8. F. Harmer, Prof. 
F.R.S., F.L.8. H. Marshall Ward, W. Gardiner, 
Prof. W. D. Halliburton. 
1889, Newcastle -| Prof. J. S. Burdon Sanderson, |C. Bailey, F. E. Beddard, 8. F. Har- 
upon-Tyne| M.A., M.D., F.R.S. mer, Prof. T. Oliver, Prof. H. Mar- 
shall Ward. 
1890. Leeds ...... Prof. A. Milnes Marshall,|S. F. Harmer, Prof. W. A. Herdman, 
M.A., M.D., D.Sc., F.R.S. Dr. S. J. Hickson, Prof. F. W. 
Oliver, H. Wager, Prof. H. Mar- 
shall Ward. 
1891. Cardiff...... Francis Darwin, M.A., M.B.,|F. E. Beddard, Prof. W. A. Herdman, 
E.RB.S8., F.L.S. Dr. 8. J. Hickson, G. Murray, Prof. 
W.N. Parker, H. Wager. 
1892. Edinburgh |Prof. W. Rutherford, M.D.,/G. Brook, Prof. W. A. Herdman, G. 
F.RB.S., F.R.S.E. Murray, Prof. W. Stirling, H. 
| Wager. 
ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 
COMMITTEE OF SCTENCES, V.—ANATOMY AND PHYSIOLOGY. 
1833. Cambridge | Dr. Haviland...............00+++ |Dr. Bond, Mr. Paget. 
1834, Edinburgh |Dr. Abercrombie .....--.....0+. ‘Dr. Roget, Dr. William Thomson, 
SECTION B (UNTIL 1847),—ANATOMY AND MEDICINE. 
1835. Dublin ...... DEG PCUALC tease ccenesscsvasrse | Dr. Harrison, Dr. Hart. 
1836. Bristol ...... DDR MRO SCH ME Sr cosnacersses «=e | Dr. Symonds. 
1837. Liverpool... Dr. J. Carson, jun., James Long, 


1838. 


Newcastle 


1839. Birmingham 


Dr. J. R. W. Vose. 
Te: Headlam, MoD. oe.i..ss. T. M. Greenhow, Dr. J. R. W. Vose. 
John Yelloly, M.D., F.R.S....| Dr. G. O. Rees, F. Ryland. 


ENGL lank, WED ss. sesce | 


1840. Glasgow ...|James Watson, M.D. ......... Dr. J. Brown, Prof. Couper, Prof. 
Reid. 
SECTION E.—PHYSIOLOGY. 
1841. Plymouth...|P. M. Roget, M.D., Sec. R.S. |Dr. J. Butter, J. Fuge, Dr. BR. 8. 
Sargent. 
1842. Manchester | Edward Holme, M.D., F.L.S. Dr. Chaytor, Dr. R. 8. Sargent. 
PBEM COLE iis case0e Sir James Pitcairn, M.D. ... Dr. John Popham, Dr. R. 8. Sargent. 
TRS}: WES oy ol oe J. C. Pritchard, M.D. .........|I. Erichsen, Dr. R. 8. Sargent. 
1845. Cambridge | Prof. J. Haviland, M.D. ...... 'Dr. R. 8. Sargent, Dr. Webster. 
1846. Southamp- | Prof. Owen, M.D., F.R.S. ....C. P. Keele, Dr. Laycock, Dr. Sar- 
ton. | gent. 
1847. Oxford! ...|Prof. Ogle, M.D., F.R.S. eA ties Thomas K, Chambers, W. P. 
' Ormerod. 
PHYSIOLOGICAL SUBSECTIONS OF SECTION D. 
1850. Edinburgh | Prof. Bennett, M.D., F.R.S.E. 


1855. Glasgow ...| Prof. Allen Thomson, F.R.S. | Prof. J. H. Corbett, Dr. J. Struthers. 
1857. Dublin...... Prot, ReHarrison, MoD, ...... Dr. R. D. Lyons, Prof, Redfern. 
1858. Leeds ...... Sir Benjamin Brodie, Bart.,|C. G. Wheelhouse. 

F.R.S. 


1 By direction of the General Committee at Oxford, Sections D and E were 
incorporated under the name of ‘Section D—Zoology and Botany, including Phy- 


siology’ (see p. lvii.). Section EH, being then vacant, was assigned in 1851 to 
Geography. 


! 


—— 


Date and Place 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Presidents 


lxi 


Secretaries 


859. Aberdeen... 
860. Oxford...... 
+1861, Manchester 

1862, Cambridge 


865. Birming- 
ham.' 


1846.Southampton 


1850. Edinburgh 


. Ipswich 
. Belfast...... 
. Liverpool... 
Glasgow ... 


. Cheltenham 


. Aberdeen... 
PeOxtord:..... 
Manchester 
Cambridge 


Newcastle 


Prof. Sharpey, M.D., Sec.R. 
Prof.G.Rolleston,M.D.,F.L.8 
Dr. John Davy, F.R.S. L.& & 
G. E. Paget, M.D 


8. 


Dr. Edward Smith, LL.D., 


F.R.S. 
‘Prof. Acland, M.D., LL.D., 
je RRS: 


Dr Pritchardaces seeccns se eatsaee 
Prof. H. H. Wilson, M.A. 


reece eee ee eee eee Terre rrerr errr e rr rr 


eee eee eer eee eee eee ere rere ry 


Vice-Admiral Sir A. Malcolm 


Prof. Rolleston, M.D., F.R.S.) 


Prof. Bennett, Prof. Redfern. 

Dr. R. M‘Donnell, Dr. Edward Smith, 
Dr. W. Roberts, Dr. Edward Smith. 
G. F. Helm, Dr. Edward Smith. 
Dr. D. Embleton, Dr. W. Turner. 
\J. S. Bartrum, Dr. W. Turner. 


Dr. A. Fleming, Dr. P. Heslop, 
Oliver Pembleton, Dr. W. Turner. 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 


[For Presidents and Secretaries for Geography previous to 1851, see Section C, 


ETHNOLOGICAL SUBSECTIONS OF SECTION D. 


Dr. King. 

Prof. Buckley. 

G. Grant Francis. 
Dr. R. G. Latham. 
‘Daniel Wilson, 


SECTION £,—GEOGRAPHY AND ETHNOLOGY. 


...|Sir R. I. Murchison, F.R.S., 


Pres. R.G.S. 

Col. Chesney, R.A., D.C.L., 
F.R.S. 

R. G. Latham, M.D., F.R.S. 


Sir R. I. Murchison, D.C.L., 
F.R.S. 

Sir J. Richardson, 
F.R.S. 

Col. Sir H. C. Rawlinson, 

[aE ORB! 

Rey. Dr. J. Henthorn Todd, 
Pres. R.LA. 

Sir R.I. Murchison, G.C.St.S., 
F.R.S. 


M.D., 


Rear - Admiral Sir James 
Clerk Ross, D.C.L., F.R.S. 

Sir R. I. Murchison, D.C.L.. 
F.R.S. 

John Crawfurd, F.R.S.......... 


Francis Galton, F.R.S.......... 


Sir R. I. Murchison, K.C.B., 
F.R.S. 

Sir R. I. Murchison, K.C.B., 
F.B.S. 

Major-General Sir H. Raw- 
linson, M.P., K.C.B., F.R.S. 


R. Cull, Rev. J. W. Donaldson, Dr. 
Norton Shaw. 

R. Cull, R. MacAdam, Dr. Norton 
Shaw. 

/R. Cull, Rev. H. W. Kemp, Dr. 

| Norton Shaw. 

|Richard Cull, Rev. H. Higgins, Dr. 

| Ihne, Dr, Norton Shaw. 

Dr. W.'G. Blackie, R. Cull; Dr. 

Norton Shaw. 

iR. Cull, F. D. Hartland, W. H. 

| Rumsey, Dr. Norton Shaw. 

|R. Cull, S. Ferguson, Dr. R. R. 

| Madden, Dr. Norton Shaw. 

|R. Cull, Francis Galton, P. O’Cal- 
laghan, Dr. Norton Shaw, Thomas 
Wright. 

Richard Cull, Prof. Geddes, Dr. Nor- 
ton Shaw. 

|Capt. Burrows, Dr. J. Hunt, Dr. C. 
Lempriére, Dr. Norton Shaw. 

Dr. J. Hunt, J. Kingsley, Dr. Nor- 
ton Shaw, W. Spottiswoode. 

J.W.Clarke, Rev. J.Glover, Dr. Hunt, 
Dr. Norton Shaw, T. Wright. 

C. Carter Blake, Hume Greenfield, 
C. R. Markham, R. 8. Watson. 
/H. W. Bates, C. R. Markham, Capt. 

R. M. Murchison, T. Wright. 
H. W. Bates, S. Evans, G. Jabet, 
' ©. R. Markham, Thomas Wright. 


1 Vide note on page lviii. 
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Date and Place | 


Presidents 


1866. Nottingham 


1867. 


1868. 


. Bristol 


Dundee 


Norwich ... 


Exeter ...... 
Liverpool... 
Edinburgh 

Brighton ... 
Bradford ... 


Belfast 


Glasgow ... 
Plymouth... 
Dublin...... 


Sheffield ... 


Swansea ... 


Southamp- 
ton. 
Southport 


Montreal ... 


Aberdeen... | 


Birmingham 
Manchester 


Neweastle- 
upon-Tyne 
Leeds ...... 


Cardiff ...... 
Edinburgh 


LL.D. 


.|Sir Samuel Baker, F.R.G.S. 


Capt. G. H. Richards, R.N., 
F.R.S. 


Secretaries 


H. Major, Clements R. Markham, ~ 
f 


D. W. Nash, T. Wright. 
H. W. Bates, CyrilGraham, Clements 
| RR. Markham, 8. J. Mackie, R. 
Sturrock. 


Sir Charles Nicholson, Bart., H. W. Bates, Rev. E. T. Cusins, R, Ps 


” 


T. Baines, H. W. Bates, Clements R. — | 


Markham, T. Wright. 


SECTION E (continued ).—GEOGRAPHY. 


Sir Bartle Frere, K.C.B., 
LL.D., F.R.G.S. 

Sir R. I. Murchison, Bt.,K.C.B., 
LL.D., D.C.L., F.R.S., F.G.S. 


Colonel Yule, C.B., F.R.G.S. 
Francis Galton, F.R.S.......... 
Sir Rutherford Alcock, K.C.B. 


Major Wilson, R.E., F.R.S., 
F.R.G.S. 

Lieut. - General Strachey, 
R.E.,C.8.1.,F.R.S., F.R.G.S., 
F.L.S., F.G.S. 


Capt. Hivans; CiB., 1 Ress... 


Adm. Sir E. Ommanney, C.B., 
F.R.S., F.R.G.S., F.R.A.S. 
Prof. Sir C. Wyville Thom- 
son, LL.D., F.R.S. L.&E 
Clements R. Markham, C.B., 
F.R.S., Sec. R.G.S. 

Lieut.-Gen. Sir J. H. Lefroy, 
C.B.,K.C.M.G., R.A., F.B.S., 
F.R.G.S. 

Sir J. D. Hooker, K.C.S.L., 
C.B., F.B.S. 

Sir R. Temple, Bart., G.C.S.1., 
F.B.G.S. 

Lieut.-Col. H. H. Godwin- 
Austen, F.R.S. 

Gen. Sir J. H. Lefroy, C.B., 
K.C.M.G., F.R.8.,V.P.8.G.S. 

Gen. J. T. Walker, C.B., R.E., 
LL.D., F.RB.S. 

Maj.-Gen. Sir. F. J. Goldsmid, 
K.C.S.L, C.B., F.R.G.S. 

Col. Sir C. Warren, R.E., 
G.C.M.G., F.B.S., F.R.G.S. 

Col. Sir C. W. Wilson, R.E., 
K.C.B., F.RB.S., F.R.G.S. 

Col. Sir F. de Winton, 
K.C.M.G., C.B., F.B.G.S. 

Lieut.-Col. Sir R. Lambert 
Playfair, K.C.M.G., F.R.G.S. 

E. G. Ravenstein, F.R.G.S., 
F.S.S. 

Prof. J. Geikie, D.C.L., F.B.S., 
V.P.R.Scot.G.S. 


H. W. Bates, Clements R. Markham, 
J. H. Thomas. 

H.W.Bates, David Buxton, Albert J. 
Mott, Clements R. Markham. 

A. Buchan, A. Keith Johnston, Cle- 
ments R. Markham, J. H. Thomas, 

|H. W. Bates, A. Keith Johnston, 
Rev. J. Newton, J. H. Thomas. 

H. W. Bates, A. Keith Johnston, 
Clements R. Markham. 

|E. G. Ravenstein, E. C. Rye, J. H. 

| Thomas. ; 

H. W. Bates, E. C. Rye, F. FF. 

Tuckett. 


H. W. Bates, E. C. Rye, R. Oliphant 
Wood. 
H. W. Bates, F. E. Fox, E. C. Rye. 


John Coles, E. C. Rye. 
H. W. Bates, C. E. D. Black, E. C, 


Rye. 
H. W. Bates, E. C. Rye. 


J. W. Barry, H. W. Bates. 


E. G. Ravenstein, E. C. Rye. 


John Coles, E. G. Ravenstein, E. C. 
Rye. 

Rev. Abbé Laflamme, J.S. O'Halloran, 
E. G. Ravenstein, J. F. Torrance. 

'J.S. Keltie, J. S. O'Halloran, E. G. 

| Ravenstein, Rev. G. A. Smith. 

F. T. S. Houghton, J. 8. Keltie, 
E. G. Ravenstein. 

Rey. L. C. Casartelli, J. 8. Keltie, 
H. J. Mackinder, E. G. Ravenstein. 

J. S. Keltie, H. J. Mackinder, E. G. 
Ravenstein. 

J. S. Keltie, H. J. Mackinder, R. 
Sulivan, A. Silva White. 

A. Barker, John Coles, J. S. Keltie, 
A. Silva White. 

John Coles, J. 8. Keltie, H. J. Mac- 
kinder, A. Silva White, Dr. Yeats. 

J. G. Bartholomew, John Coles, J. 8. 
Keltie, A. Silva White. 


Date and Place 


. Dublin 
. Bristol 


. Liverpool... 


. Newcastle 
1839. Birmingham 


. Glasgow ... 
. Plymouth... 
. Manchester 


. Cambridge 
. Southamp- 


ton. 
1847. Oxford 


. Edinburgh 


. Ipswich ... 
. Belfast...... 


pedal... 
. Liverpool... 


. Glasgow ... 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Presidents Secretaries 


STATISTICAL SCIENCE. 
COMMITTEE OF SCIENCES, VI.—STATISTICS. 


. Cambridge | Prof. Babbage, F.R.S. .........|J. E. Drinkwater. 
. Edinburgh | Sir Charles Lemon, Bart....... | Dr. Cleland, C. Hope Maclean. 


SECTION F.—STATISTICS. 


Charles Babbage, F.R.S. ......) W. Greg, Prof. Longfield. 
Sir Chas. Lemon, Bart., F.R.S.|Rev. J. E. Bromby, C. B. Fripp, 
James Heywood. 


Rt. Hon. Lord Sandon W. R. Greg, W. Langton, Dr. W. C. 


Tayler. 

Colonel Sykes, F.R.S. .........| W. Cargill, J. Heywood, W.R. Wood. 

Henry Hallam, F.R.S..........| F. Clarke, R. W. Rawson, Dr. W. C. 
Tayler. 

Rt. Hon. Lord Sandon, M.P.,/C. R. Baird, Prof. Ramsay, R. W. 

F.R.S. Rawson. 

Lieut.-Col. Sykes, F.R.S....... Rev. Dr. Byrth, Rev. R. Luney, R. 
W. Rawson. 

G. W. Wood, M.P., F.L.S. ...| Rev. R. Luney, G. W. Ormerod, Dr. 
W. C. Tayler. 


Sir C. Lemon, Bart., M.P. 
Lieut.-Col. Sykes, 
F.L.S. cock. 

Rt. Hon. the Earl Fitzwilliam |J. Fletcher, Dr. W. Cooke Tayler. 

Gy RE (POLters. FORAGE acs descee. cs J. Fletcher, F. G. P. Neison, Dr. W. 
C. Tayler, Rev. T. L. Shapcott. 

Travers Twiss, D.C.L., F.R.S.| Rev. W. H. Cox, J. J. Danson, F, G. 
P. Neison, 


...|Dr. D. Bullen, Dr. W. Cooke Tayler. 
F.R.S.,|J. Fletcher, J. Heywood, Dr. Lay- 


-|J. H. Vivian, M.P., F.R.S. ...|J. Fletcher, Capt. R. Shortrede. 


Rt. Hon. Lord Lyttelton...... Dr. Finch, Prof. Hancock, F. G. P. 
Neison. 
Very Rev. Dr. John Lee,| Prof. Hancock, J, Fletcher, Dr. J. 
V.P.R.S.E. Stark. 
Sir John P. Boileau, Bart. ...|J. Fletcher, Prof. Hancock. 
His Grace the Archbishop of| Prof. Hancock, Prof. Ingram, James 
Dublin. MacAdam, jun. 
James Heywood, M.P., F.R.S.|Edward Cheshire, W. Newmarch. 
Thomas Tooke, F.R.S. .........|E. Cheshire, J. T. Danson, Dr. W. H. 
Duncan, W. Newmarch. 
R. Monckton Milnes, M.P. ...|J. A. Campbell, E. Cheshire, W. New- 
march. Prof. R. H. Walsh. 


SECTION F (continwed).—ECONOMIC SCIENCE AND STATISTICS. 
1856. Cheltenham|Rt. Hon. Lord Stanley, M.P. Rey. C. H. Bromby, E. Cheshire, Dr, 


| W.N. Hancock, W. Newmarch, W. 

| M. Tartt. 

His Grace the Archbishop of Prof. Cairns, Dr. H. D, Hutton, W. 
Dublin, M.R.I.A. Newmarch. 

Edward Baines....... Re tweecedss \T. B. Baines, Prof. Cairns, S. Brown, 


Capt. Fishbourne, Dr. J. Strang. 
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Presidents 


Secretaries 


1859. 
1860. 
186i. 


1862. 


1863. 
1864. 
1865. 
1866, 
1867. 
1868. 
1869. 
1870. 


1871. 
1872. 


1873. 


1874, 


1875. 
1876. 


1877. 
1878. 


1879, 


1880. 
1881. 


1882, 
1883. 
1884. 
1885. 
1886. 
1887. 


Aberdeen... 
Oxford 


Manchester 


Cambridge 
Newcastle 


Birmingham 
Nottingham 


Dundee ..... 


Nassau W. Senior, M.A. ...... 
William Newmarch, F.R.S.... 


| 


Edwin Chadwick, C.B. ........ 


William Farr, M.D., D.C.L.,| 
F.B.S. 
Rt. Hon. Lord Stanley, LL.D.,| 
M.P. | 
\Prof. J. E. T. Rogers 


| 
se eeeeenrene 
| 
| 


iM. EH. Grant-Duff, M.P. ....... 


(Col. Sykes, M.P., F.R.S. ......| Prof. Cairns, Edmund Macrory, A. M, 


Smith, Dr. John Strang. 


Edmund Macrory, W. Newmarch, — 


Rey. Prof, J. E. T. Rogers. 

David Chadwick, Prof. R. C. Christie, 
E. Macrory, Rev. Prof. J. E. T. 
Rogers 


|H. D. Macleod, Edmund Macrory. 
.|William Tite, M.P., F.R.S....| 


T. Doubleday, Edmund Macrory, 
Frederick Purdy, James Potts. 
E. Macrory, E. T. Payne. F. Purdy. 


G. J. D. Goodman, G. J. Johnston, 
E. Macrory. 

R. Birkin, jun., Prof. Leone Levi, E. 
Macrory. 

Prof. Leone Levi, E. Macrory, A. J. 
Warden. 


Norwich .... Samuel Brown, Pres. Instit. Rev. W.C. Davie, Prof. Leone Levi. 


Exeter 


Actuaries. | 
Rt. Hon. Sir Stafford H. North- | 
| cote, Bart., C.B., M.P. 


E. Macrory, F. Purdy, ©. T. D. 
Acland. 


Liverpool... Prof. W. Stanley Jevons, M.A. Chas. R. Dudley Baxter, E. Macrory, 


Edinburgh 

Brighton ... 
Bradford ... 
Belfast 


Bristol ..... 


Glasgow ... 


Plymouth... 
Tp =... 2 


Sheffield ... 


Swansea .,. 


eee eneee 


Southamp- 
ton. 
Southport 
Montreal ... 
Aberdeen... 


Birmingham 


Manchester 


9. Newcastle- 


upon-Tyne 


\Rt. Hon. Lord Neaves......... 

|\Prof. Henry Fawcett, M.P.... 

\Rt. Hon. W. E. Forster, M.P.| 

MordlOPHacan. 250", sais. accsp 

James Heywood, M.A.,F.R.S., 
Pres. §.S. 

\Sir George Campbell, K.C.S.L., 
M.P. 

Rt. Hon. the Earl Fortescue 

Prof. J. K. Ingram, LL.D., 
M.R.LA. 

G. Shaw Lefevre, M.P., Pres. 
8.8. 

Ga Werdastimes; MP. s.s.c5c.cl 

Rt. Hon. M. E. Grant-Duff,| 
M.A., F.B.S. 

(Rt. Hon. G. Sclater-Booth,, 

M.P., F.B.S. 

|R. H. Inglis Palgrave, F.R.S. 


Sir Richard Temple, Bart., 
G.C.8.I., C.I.E., F.R.G.S. 
‘Prof. H. Sidgwick, LL.D., 

Litt.D. 
J. B. Martin, M.A., F.S.S. 


Robert Giffen, LL.D.,V.P.S.S. 


Rt. Hon. Lord Bramwell, 
LL.D., F.R.S. 


Prof. F, Y. Edgeworth, M.A., 


J. Miles Moss. 

J. G. Fitch, James Meikle. 

J. G. Fitch, Barclay Phillips. 

J. G. Fitch, Swire Smith. 

Prof. Donnell, F. P. Fellows, Hans 
MacMordie. 

F. P. Fellows, T. G. P. Hallett, E. 
Macrory. 


|A. M‘Neel Caird, T.G. P. Hallett, Dr. 


W. Neilson Hancock, Dr. W. Jack. 
W. F. Collier, P. Hallett, J. T. Pim. 
'W. J. Hancock, C. Molloy, J. T. Pim. 


Prof. Adamson, R. E. Leader, C, 
Molloy. 

N. A. Humphreys, C, Molloy. 

C. Molloy, W. W. Morrell, J. F. 
Moss. 

G. Baden-Powell, Prof. H. §. Fox- 
well, A. Milnes, C. Molloy. 

Rev. W. Cunningham, Prof. H. 8. 
Foxwell, J. N. Keynes, C. Molloy, 

Prof. H.S. Foxwell, J.S. McLennan, 
Prof. J. Watson. 

Rev. W. Cunningham, Prof. H. 8. 
Foxwell, C. McCombie, J. F. Moss. 

I. F. Barham, Rev. W. Cunningham, 
Prof. H. 8. Foxwell, J. F. Moss. 


worth, T. H. Elliott, C. Hughes, 
Prof. J. E. C. Munro, G. H. Sar- 
gant. 


Prof. H. 8. Foxwell, L. L. F. R. 
Price. 


F.S.8, 


F. B, Jevons, L. L, F. R. Price. 


Rey. W. Cunningham, F. Y. Edge- 


Prof. F. Y. Edgeworth, T. H,. Elliott, 


Rev. Dr. Cunningham, T. H. Elliott, — 


La 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place Presidents Secretaries 
| | 
1890. Leeds ...... |Prof. A. Marshall, M.A.,F.S.S. W. A. Brigg, Rev. Dr. Cunningham, 
T. H. Elliott, Prof. J. E. C. Munro, 
L. L. F. R. Price. 
1891. Cardiff....../ Prof. W. Cunningham, D.D.,| Prof. J. Brough, E. Cannan, Prof. 
| D.Sc., F.8.8. E. CG. K. Gonner, H. Ll. Smith, 
Prof. W. R. Sorley. 
1892. Edinburgh |Hon. Sir C. W. Fremantle.| Prof. J. Brough, J. R. Findlay, Prof. 
K.C.B. E. C. K. Gonner, H. Higgs, 
L. L. F. R. Price. 
MECHANICAL SCIENCE. 
SECTION G.—MECHANICAL SCIENCE, 
1836. Bristol...... Davies Gilbert, D.C.L., F.R.S.|T. G. Bunt, G. T. Clark, W. West. 
1837. Liverpool...| Rev. Dr. Robinsor ............ Charles Vignoles, Thomas Webster. 
1838. Newcastle | Charles Babbage, F.R.S.......|R. Hawthorn, C. Vignoles, T. 
Webster. 
1839. Birmingham] Prof. Willis, F.R.S., and Robt.| W. Carpmael, William Hawkes, T. 
- Stephenson. Webster. 
1840. Glasgow ....| Sir John Robinson ............. J. Scott Russell, J. Thomson, J. Tod, 
C. Vignoles. 
1841. Plymouth | John Taylor, F.R.S. ............ Henry Chatfield, Thomas Webster. 
1842. Manchester | Rev. Prof. Willis, F.R.S. ......|J. F. Bateman, J. Scott Russell, J. 
Thomson, Charles Vignoles. 
1843. Cork......... Prof. J. Macneill, M.R.I.A....|James Thomson, Robert Mallet. 
1844. York......... John Taylor, F.R.S. ............ Charles Vignoles, Thomas Webster. 
1845. Cambridge | George Rennie, F.R.5.......... Rey. W. T. Kingsley. 
1846.Southampton| Rev. Prof. Willis, M.A., F.R.S.| William Betts, jun., Charles Manby. 
1847. Oxford...... Rev. Prof. Walker, M.A.,F.R.8.|J. Glynn, R. A. Le Mesurier. 
1848. Swansea ...| Rev. Prof.Walker, M.A.,F.R.S.|R. A. Le Mesurier, W. P. Struvé. 
1849, Birmingham] Robt. Stephenson, M.P., F.R.S.|Charles Manby, W. P. Marshall. 
1850. Edinburgh | Rev. R. Robinson ............... Dr. Lees, David Stephenson. 


1851. Ipswich ..... William Cubitt, F.R.S.......... John Head, Charles Manby. 
1852. Belfast...... John Walker, C.E., LL.D.,|John F. Bateman, C. B. Hancock, 
F.R.S. Charles Manby, James Thomson, 
1515'S} 0018 60 William Fairbairn, C.E.,|James Oldham, J. Thomson, W. 
F.R.S. Sykes Ward. 
1854. Liverpool...| John Scott Russell, F.R.S. ...JJohn Grantham, J. Oldham, J. 
Thomson. 
1855. Glasgow ...|W. J. Macquorn Rankine,|l. Hill, jun., William Ramsay, J. 
C.E., F.R.S. Thomson. 
1856. Cheltenham] George Rennie, F.R.S. .........;C. Atherton, B. Jones, jun., H. M. 
Jeffery. 


1857. Dublin...... Rt. Hon. the Earl of Rosse, 
F.R.S. 
1858. Leeds ...... William Fairbairn, F.R.S. ... 


_ 1859, Aberdeen...| Rev. Prof. Willis, M.A., F.R.S. 


1860. Oxford 


LL.D., F.R.S. 


1861, Manchester | J. F. Bateman, C.E., F.R.S.... 


1862. Cambridge | Wm. Fairbairn, LL.D., F.R.S. 
Rev. Prof. Willis, M.A., F.R.S. 


1863, Newcastle 


1864. Bath J. Hawkshaw, F.R.S. . 


Prof.W.J. Macquorn Rankine, 


Prof. Downing, W.T. Doyne, A. Tate, 
James Thomson, Henry Wright. 

J. O. Dennis, J. Dixon, H. Wright. 

R. Abernethy, P. Le Neve Foster, H, 
Wright. 

P. Le Neve Foster, Rev. I’. Harrison, 
Henry Wright. 

P. Le Neve Foster, John Robinson, 
H. Wright. 

W. M. Fawcett, P. Le Neve Foster. 

P. Le Neve Foster, P. Westmacott, 
J. F. Spencer. 


...ee.-.|P. Le Neve Foster, Robert Pitt. 


1865. Birmingham| Sir W. G. Armstrong, LL.D.,|P. Le Neve Foster, Henry Lea, 


E.R.S. 
1892. 


W. P. Marshall, Walter May. 
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Date and Place 


1866. 
1867. 
1868. 


1869. 
1870. 


1871. 
1872. 
1873. 


1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 


REPORT— 1892. 


Presidents 


Secretaries 


Nottingham Thomas Hawksley, V.P.Inst. 
C.E., F.G.S. 

Dundee...... _Prof.W.J. Macquorn Rankine, 

| LL.D., F.R.S8. 

Norwich . |G P. Bidder, C.E., F.R.G.S. 

Exeter ...... lc. W. Siemens, F.R.S.. 

Liverpool...| Chas. B. Vignoles, C.E., E.BS. 

Edinburgh | Prof. Fleeming Jenkin, F.R.S. 

Brighton ...|F. J. Bramwell, C.E. ......... 

Bradford ...|W. H. Barlow, F.R.S. ......... 

Belfast...... Prof. James Thomson, LL.D., 
C.E., F.R.S.E. 

Bristol <...5. W. Froude, C.E., M.A., F.B.S. 

Glasgow ...|C. W. Merrifield, F.R.S. ... 

Plymouth...) Edward Woods, C.K. ......... 

Dublin ......|Edward Easton, C.E. ......... 

Sheffield ... J. Robinson, Pres. Inst. Mech. | 
Eng. / 

Swansea ... [James Abernethy, V.P. Inst. 

| OLB, E-R:S-E. 

OTK, «scuyene Sir W. G. Armstrong, C.B., 
LL.D., D.C.L., F.R.S 

Southamp- |John Fowler, Oh E., E.GS. 

ton. 

Southport {James Brunlees, F.R.S.E., 
Pres.Inst.C.E. 

Montreal ...|Sir F. J. Bramwell, F.R.S., 
V.P.Inst.C.E. 
Aberdeen...|B. Baker, M.Inst.C.F. ......... 
Birmingham |Sir J. N. Douglass, M.Inst. 

| C.H. 
Manchester | Prof. Osborne Reynolds, M.A., 
| DLL.D., F.R.S. 
Batis. 20 W. H. Preece, F.R.S., 
M.Inst.C.E. 
Newcastle- |W. Anderson, M.Inst.C.E. ... 
upon-Tyne 
Leeds ...... Capt. A. Noble, C.B., F.R.S. 
F.R.A.S. 
Cardiff ..... T. Forster Brown, M.Inst.C.E., 
Edinburgh |Prof. W. C. Unwin, F.RBS., 


M.Inst.C.E. 


.|A. 


P. Le Neve Foster, J. F. Iselin, M. 
O. Tarbotton. 

P. Le Neve Foster, John P. Smith, 
W. W. Urquhart. 

P. Le Neve Foster, J. F. Iselin, C. 
Manby, W. Smith. 


.|P. Le Neve Foster, H. Bauerman. 


H. Bauerman, P. Le Neve Foster, T. 
King, J. N. Shoolbred. 

H. Bauerman, Alexander Leslie, 
J. P. Smith. 
H. M. Brunel, P. Le Neve Foster, 
J. G. Gamble, J. N. Shoolbred. 
Crawford Barlow, H. Bauerman, 
E. H. Carbutt, J. C. Hawkshaw, 
J. N. Shoolbred. 

A. T. Atchison, J. N. Shoolbred, John 
Smyth, jun. 

W. R. Browne, H. M. Brunel, J. G. 
Gamble, J. N. Shoolbred. 


..|W. Bottomley, jun., W. J. Millar, 


J. N. Shoolbred, J. P. Smith. 

A. T. Atchison, Dr. Merrifield, J. N. 
Shoolbred. 

A. T. Atchison, R. G. Symes, H. T. 
Wood. 

A. T. Atchison, Emerson Bainbridge, 
H. T. Wood. 

A. T. Atchison, H. T. Wood. 


\A. T. Atchison, J. F. Stephenson, 
H. T. Wood. 

1’. Atchison, F. Churton, H. T. 
Wood. 
A. T. Atchison, E. Rigg, H. T. Wood. 


A. T. Atchison, W. B. Dawson, J. 
Kennedy, H. T. Wood. 

A. T. Atchison, F. G. Ogilvie, E. 

Rigg, J. N. Shoolbred. 

W. Cooke, J. Kenward, W. B. 

Marshall, E. Rigg. 

C. F. Budenberg, W. B. Marshall, 
E. Rigg. 

C. W. Cooke, W. B. Marshall, E. 
Rigg, P. K. Stothert. 

C, W. Cooke, W. B. Marshall, Hon. 

| C..A. Parsons, E. Rigg. 

E. K. Clark, C. W. Cooke, W. B. 
Marshall, E. Rigg. 

OW. Cooke, Prot, AveG: Elliott,. 
W. B. Marshall, E. Rigg. 

C. W. Cooke, W. B. Marshall, W. C. 
Popplewell, E. Rigg. 


\C. 
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Date and Place 


Presidents 


Secretaries 


884. Montreal... 
1885. Aberdeen... 


886. Birmingham 
1887. Manchester 
1888. Bath.. 


1889. Newcastle- 
upon-Tyne 
1890. Leeds 


seeeee 


1891. Cardiff 


ee eeee 


1892. Edinburgh 


ANTHROPOLOGICAL SCIENCE. 
SECTION H.—ANTHROPOLOGY. 


E. B. Tylor, D.C.L., F.R.S. . 


Sir G. Campbell, K.C.S.L., 
M.P., D.C.L., F.R.G.S. 


Lieut.-General Pitt-Rivers, 


D.C.L., F.R.S. 
Prof. Sir W. Turner, M.B. 
| LL.D., F.R.S. 
Dr. J. Evans, Treas.R.S., 


F.S.A., F.L.S., F.G.S. 
Prof. B. Max Miiller, M.A. 


Prof. A. Macalister, 
M.D., F.RB.S. 


M.A., 


Prof. A. H. Sayce, M.A. ......| 


’ 
| 


.|G. W. Bloxam, W. Hurst. 


Francis Galton, M.A., F.R. S. G. W. Bloxam, Dr. J. G. Garson, W. 


Hurst, Dr. A. Macgregor. 


'G. W. Bloxam, Dr. J. G. Garson, W. 


Hurst, Dr. R, Saundby. 

G. W. Bioxam, Dr, J. G. Garson, Dr. 
A. M. Paterson. 

G. W. Bloxam, Dr. J. G. Garson, J. 
Harris Stone. 

G. W. Bloxam, Dr. J. G. Garson, Dr. 
R. Morison, Dr. R. Howden. 

G. W. Bloxam, Dr. C. M. Chadwick, 
Dr. J. G. Garson. 

. G. W. Bloxam, Prof. R. Howden, H. 
Ling Roth, E. Seward. 


'G. W. Bloxam, Dr. D. Hepburn, Prof. 


R. Howden, H. Ling Roth. 


LIST OF EVENING LECTURES. 


Date and Place 


Lecturer 


Subject of Discourse 


1842. Manchester 


1843. Cork 


1845. Cambridge 


1846. Southamp- 
ton, 


848. Swansea ... 


849. Birmingham 


Charles Vignoles, F.R.S...... 


Sir M. I. Brunel 
R. I. Murchison 
Prof. Owen, M.D., F.R.S....... 
Prof. E. Forbes, F.R.S.......... 


se ee eee eneweeee 


seen e teeta ene e eres 


Dr. Robinson 
Charles Lyell, F.R.S. 
Dr. Falconer, F.R.S.... 


Preece eee eee 


RtL. Murchison, F.R.S. 
Prof. Owen, M.D., F.R.S. 
Charles Lyell, F. R. Ss. 


Rev. Prof. B. Powell, F.R.8. 
Prof. M. Faraday, F.R.S....... 


Hugh E. Strickland, F.G.5.... 
John Percy, M.D., F.R.S....... 


W. Carpenter, M.D., ER.S.... 
Dr. Faraday, F.R.S. .........0+ 
Rev. Prof. Willis, M.A., F.R.S. 


The Principles and Construction of 
Atmospheric Railways. 
The Thames Tunnel. 


The Geology of Russia. 


The Dinornis of New Zealand. 
The Distribution of Animal Life in 
the Migean Sea. 


|The Earl of Rosse’s Telescope. 
..|Geology of North America. 
.., The Gigantic Tortoise of the Siwalik 


Hills i in India. 


G.B.Aizy,F.R.S.,Astron. Royall Progress of Terrestrial Magnetism. 


. Geology of Russia. 
. Fossil Mammaliaof the British Isles. 
"Valley and Delta of the Mississippi. 


W. R. Grove, F.R.S. .......00.4- | Properties of the Explosive substance 


discovered by Dr. Schénbein; also 
some Researches of his own on the 
Decomposition of Water by Heat. 
Shooting Stars. 
Magnetic and Diamagnetic Pheno- 
mena. 
The Dodo (Didus ineptus). 
Metallurgical Operations of Swansea 
and its Neighbourhood. 
Recent Microscopical Discoveries. 
Mr. Gassiot’s Battery. 
Transit of different Weights with 
varying Velocities on Railways. 
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Date and Place 


Lecturer 


1850. 


Edinburgh |Prof. J. H. Bennett, M.D., 


F.R.S.E. 
Dr. Mantell, F.R.S. .....-..-+++ 
1851. Ipswich ...|/Prof. R. Owen, M.D., F.R.S. 
G.B.Airy,F.B.S.,Astron. Royal 
1852. Belfast...... Prof. G. G. Stokes, D.C.L., 
F.RB.S. 

Colonel Portlock, R.E., F-R.S. 
lene ey Le mn Lear Prof. J. Phillips, LL.D.,F.R.S., 
F.G.S. 

Robert Hunt, F.R.S......... sree 
1854. Liverpool...|Prof. R. Owen, M.D., F.R.S. 
Col. E. Sabine, V.P.R.S. ...... 
1855. Glasgow ...|Dr. W. B. Carpenter, F.R.S. 
Lieut.-Col. H. Rawlinson 
1856. Cheltenham |Col. Sir H. Rawlinson ......... 
Win erOMGs Hits «sieccocnnes 
1857. Dublin...... Prof. W. Thomson, F.R.58. ... 
Rey. Dr. Livingstone, D.C.L. 
1858. Leeds ...... Prof. J. Phillips, LL.D.,F.R.S. 
Prof. R. Owen, M.D., F.R.S. 
1859. Aberdeen...|Sir R. I. Murchison, D.C.L.... 
Rev. Dr. Robinson, F.R.5. ... 
1860. Oxford...... Rev. Prof. Walker, F.R.S8. ... 
Captain Sherard Osborn, R.N. 
1861. Manchester |Prof.W.A. Miller, M.A., F.R.S. 
G. B. Airy, F.R.S., Astron. 
Royal. 
1862. Cambridge |Prof. Tyndall, LL.D., F.R.S. 
Prof. Odling, F.R.S............. 
1863. Newcastle |Prof. Williamson, F.R.S....... 
James Glaisher, F.R.S......... 
1864. Bath......... Prof. HGscoe, WIR-S..ccc..secsc0s 


Dr. Livingstone, F.R.S. ...... 


1865, Birmingham |J. Beete Jukes, F.R.S.......... 


1866. Nottingham | William Huggins, F.R.S....... 


1867. Dundee...... 


Dr. J. D. Hooker, F.R.S....... 
Archibald Geikie, F.R.S....... 


Alexander Herschel, F.R.A.S. 


| Subject of Discourse 


Passage of the Blood through the 
minute vessels of Animals in con- 
nection with Nutrition. 

Extinct Birds of New Zealand. 

Distinction between Plants and Ani- 
mals, and their changes of Form. 

| Total Solar Eclipse of July 28, 1851. 

| Recent Discoveries in the properties 
of Light. 

Recent Discovery of Rock-salt at 
Carrickfergus, and geological and 
practical considerations connected 
with it. 

Some peculiar Phenomena in the 
Geology and Physical Geography 
of Yorkshire. 

The present state of Photography. 

Anthropomorphous Apes. 

Progress of Researches in Terrestrial 
Magnetism. 

Characters of Species. 


.| Assyrian and Babylonian Antiquities 


and Ethnology. 

Recent Discoveries in Assyria and 
Babylonia, with the results of 
Cuneiform research up to the 
present time. 

Correlation of Physical Forces. 

The Atlantic Telegraph. 

Recent Discoveries in Africa. 

The Ironstones of Yorkshire. 

The Fossil Mammalia of Australia. 

Geology of the Northern Highlands. 

Electrical Discharges in highly 
rarefied Media. 

Physical Constitution of the Sun. 

Arctic Discovery. 

Spectrum Analysis. 

The late Eclipse of the Sun. 


The Forms and Action of Water. 

Organic Chemistry. 

The Chemistry of the Galvanic Bat- 
tery considered in relation to 
Dynamics, 

The Balloon Ascents made for the 
British Association. 

The Chemical Action of Light. 

Recent Travels in Africa. 

Probabilities as to the position and 


neath the red rocks of the Mid- 
land Counties. 

The results of Spectrum Analysis 
applied to Heavenly Bodies. 

Insular Floras. 

The Geological Origin of the present 
Scenery of Scotland. 

The present state of Knowledge re- 
garding Meteors and Meteorites. 


extent of the Coal-measures be- © 


5 hd a a allel 


a aS a eo 


EEE ee 


| 


LIST OF EVENING LECTURES. 


Date and Place 


Lecturer 
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Subject of Discourse 


1868. Norwich ... 


1869. Exeter 


1870. Liverpool... 


1871. Edinburgh 


1872. Brighton ... 


1873. Bradford ... 


1874. Belfast... 


1875. Bristol 


1876. Glasgow ... 


1877. Plymouth... 


1878. Dublin 


seeee 


1879. Sheffield ... 


1880. Swansea ... 
1881. 


1882. Southamp- 


ton. 


1883. Southport 


1884. Montreal... 


1885. Aberdeen... 


1886. Birmingham 
1887. Manchester 


J. Fergusson, F.R.S............. 


Dz Wy Odling, WRS. 1.252250 
Prof. J. Phillips, LL. D.,F.R.S. 


J. Norman Lockyer F.R.S....| 


Prof. J. Tyndall, LL.D., F.R.S. 

Prof.W. J. 1 Pues Rankine, 
LL.D., F.R.S 

BK. A. Abel, F R. NSRSOUHUE helce Heit 


KE. B. Tylor, F.R.S. ... 


Prof. P. Martin Duncan, M.B., 


F.R.S. 
Prof. W. K. Clifford 


Prof. W. C.Williamson, F.R.S.| 


Prof. Clerk Maxwell, F.R.S. 


.|Sir John Lubbock, Bart..M.P., 


F.R.S. 
Prof. Huxley, F.R.S. 


se eeeeeee 


W.Spottiswoode,LL.D.,F.R.S. 


F. J. Bramwell, F.R.S.......... 

Prof. Tait, F.R.S.E. 

Sir Wyville Thomson, F. R. Ss. 

W. Warington Smyth, M.A., 
F.B.S. 


Prof; Odling, HORS. .<.csccscese 
G. J. Romanes, F.L.S.......... 
Prof. Dewar, F.R.S. .....c0.0000 


W. Crookes, F'.R.S. ........0005 
Prof. E. Ray Lankester, F.R.S. 
Prof.W.Boyd Dawkins, F.R.S. 
Francis Galton, F.R.S.......... 
Prof. Huxley, Sec. R.S. 


W. Spottiswoode, Pres. R.S. 


Prof.Sir Wm. Thomsen, F.R.S. 

Prof. H. N. Moseley, F.R.S. 

Prot bis ios ballewHeR Ss | .esee. 

Prof. J. G. McKendrick, 
F.R.S.E. 


Prof. 0. J. Lodge, D.Sc. ...... | 


Rev. W. H. Dallinger, F.R.S. 


|Prof. W. G. Adams, F.R.S.... 


John Murray, F.R.S8.E........ 

A. W. Riicker, M.A., F.R.S. 

Prof. W. Rutherford, M.D.... 

Prof. H. B. Dixon, F.R.S. 

Col. Sir F. de Winton, 
K.C.M.G. 


Archeology of the early Buddhist 
Monuments. 

Reverse Chemical Actions. 

Vesuvius. 

‘The Physical Constitution of the 
Stars and Nebulz. 

The Scientific Use of the Imagination. 

Stream-lines and Waves, in connec- 

| tion with Naval Architecture. 

Some recent Investigations and Ap- 

plications of Explosive Agents. 


..| The Relation of Primitive to Modern 


Civilisation. 
Insect Metamorphosis. 
| 
‘The Aims and Instruments of Scien- 
| tific Thought. 
Coal and Coal Plants. 
Molecules. 
Common Wild Flowers considered 
in relation to Insects. 
The Hypothesis that Animals are 
Automata, and its History. 
The Colours of Polarised Light. 
Railway Safety Appliances. 


.| Force. 


The Challenger Expedition. 

The Physical Phenomena connected 
with the Mines of Cornwall and 
Devon. 

The new Element, Gallium. 

Animal Intelligence. 

Dissociation, or Modern Ideas of 
Chemical Action. 

Radiant Matter. 

Degeneration. 

Primeval Man. 

Mental Imagery. 

The Rise and Progress of Palon- 
tology 

The Electric Discharge, its Forms 

| and its Functions. 

| Tides. 

| Pelagic Life. 

Recent Researches on the Distance 

| of the Sun. 

Galvanic and Animal Electricity. 


Dust. 

‘The Modern Microscope in Re- 
| searches on the Least and Lowest 
Forms of Life. 

|The Electric Light and Atmospheric 
Absorption. 


..|The Great Ocean Basins. 


Soap Bubbles. 
The Sense of Hearing. 


...|The Rate of Explosions in Gases. 


Explorations in Central Africa. 
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Date and Place Lecturer Subject of Discourse 
1888. Bath......... Prof. W. E. Ayrton, F.R.S..../The Electrical Transmission of — 
Power. 
Prof. T. G. Bonney, D.Sc.,|The Foundation Stones of the Earth’s a 
F.RS. Crust. 
1889. Newcastle- | Prof. W. C. Roberts-Austen,|The Hardening and Tempering of 
upon-Tyne|} F.R.S. Steel. 
Walter Gardiner, M.A......... How Plants maintain themselves in — 
the Struggle for Existence. 
1890. Leeds ...... E. B. Poulton, M.A., F.R.S8....| Mimicry. 
Prof. C. Vernon Boys, F.R.S. | Quartz Fibres and their Applications. — 
1891s Cardiff ...... Prof. L. C. Miall, F.L.S.,F.G.S.|Some Difficulties in the Life of 
Aquatic Insects. 
Prof. A.W. Riicker, M.A.,F.R.S. | Electrical Stress. 
1892. Edinburgh |Prof. A. Milnes Marshall, | Pedigrees 
D.Se., F.R.S. 


|Prof.J.A. Ewing, M.A.,F.R.S., 


F.R.S.E. 


LECTURES TO THE OPERATIVE CLASSES. 


Date and Place 


1867. 
1868. 
1869. 


1870. 


1872. 
1873. 
1874, 
1875. 
1876. 


1877. 
1879. 
1880. 
1881. 


1882. 


1883. 
1884. 
1885. 
1886. 


1887. 
1888. 


1889. 
1890. 


1891. 
1892. 


Norwich ... 
Exeter 


Liverpool... 


Brighton ... 
Bradford ... 
Belfast 
Bristol 


Glasgow ...| 


Plymouth... 
Sheffield .. 
Swansea 
VOTE she case 
Southamp- 
ton. 

Southport 
Montreal ... 
Aberdeen .. 
Birmingham 


Manchester 


stew eneee 


Newcastle- 
upon-Tyne 
Leeds 
Cardiff ...... 
Edinburgh 


.|H. B. Dixon, M.A. 


Lecturer 


Prof. J. Tyndall, LL,.D., F.R.S. 


Prof. Huxley, LL.D., F.R.S. 
Prof. Miller, M.D., F.R.S. ... 


Sir John Lubbock, Bart.,M.P., 
F.R.S. 


| 
W.Spottiswoode,LL.D.,F.R.S. | 


C. W. Siemens, D.C.L., F.R.S. 

Prove Odilings WRISs.accs.cer << 

Dr Wib- Carpenter, F.R.S. 

Commander Cameron, C.B., 
R.N. 

|W. H. Preece 

.|W. E. Ayrton 


eae! SCE DOUIN HY AG. fcr cease ont 


Prof. 
F.R.S 


Osborne Reynolds, | 


John Evans, D.C.L.,Treas. B.S. | 
Sir F. J. Bramwell, F.R.S. ...| 


IPYObwty. Os !bally BRS, conc cec 

Prof. W. C. Roberts-Austen, | 
F.R.S. 

Prof. G. Forbes, F.R.S. ...... 

Sir John Lubbock, Bart., M.P., 
F.RB.S. 

B. Baker, M.Imst.C.E. ...... 


Prof. J. Perry, D.Sc., F.R.S. 
Prof. 5. P. Thompson, F.R.S. 


‘Prof. C. Vernon Boys, F.R.S. 


| 
./ The Forth Bridge. 


‘Magnetic Induction. 


‘One ot 


Subject of Discourse 


Matter and Force, 

A Piece of Chalk. 

Experimental Illustrations of the 
modes of detecting the Composi- — 
tion of the Sun and other Heavenly 
Bodies by the Spectrum. 

| Savages. 


Sunshine, Sea, and Sky. 

| Fuel. 

|The Discovery of Oxygen. 

A Piece of Limestone. 

|A Journey through Africa. 

| 

|Telegraphy and the Telephone. 

| Electricity as a Motive Power. 

|The North-East Passage. 

Raindrops, Hailstones, and Snow- 
flakes. * 

|Unwritten History, and how to | 

| read it, a 

Talking by Electricity—Telephones. 

Comets. 

‘The Nature of Explosions. ' 

The Colours of Metals and their ; 
Alloys. : 

Electric Lighting. 

|The Customs of Savage Races. 


| Spinning Tops. 
| Electricity in Mining. 
Electric Spark Photographs. a 


: 
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OFFICERS OF SECTIONAL COMMITTEES PRESENT AT THE 
EDINBURGH MEETING. 


SECTION A.—MATHEMATICAL AND PHYSICAL SCIENCE. 


President.—Professor Arthur Schuster, Ph.D., F.R.S., F.R.A.S. 


Vice-Presidents.—Dr. A. Buchan, F.R.S.E.; Professor Chrystal, F.R.S.H. ; 
Professor Copeland, F.R.S.H.; Professor H. von. Helmholtz, F.R.S. ; 
Lord M‘Laren, F.R.S.E.; Professor O. J. Lodge, F.R.S.; Lord 
Kelvin, Pres.R.S.; Professor Sir G. G. Stokes, F.R.S.; Professor 
P. G. Tait, F.R.S.E. 


Secretaries.—R. EH. Baynes, M.A. (Recorder); J. Larmor, F.R.S.; Pro- 
fessor A. Lodge, M.A.; Dr. W. Peddie, F.R.S.H. 


SECTION B.—CHEMICAL SCIENCE, 


President.—Professor Herbert M‘Leod, F.R.S., F.C.S. 


Vice-Presidents.—Professor A. Crum Brown, F.R.S.; Dr. J. H. Gladstone, 
F.R.S. ; Professor F. R. Japp, F.R.S.; Professor W. H. Perkin, Jun., 
F.R.S.; Professor Otto Pettersson; Professor T. Purdie, F.C.S.; 
Professor J. Emerson Reynolds, F.R.S.; Professor W. C. Roberts- 
Austen, C.B., F.R.S. 


_ Seeretaries—Dr. J. Gibson, F.R.S.E.; H. Forster Morley, D.Sc. 


(Recorder) ; D. H. Nagel, M.A.; Dr. W. W. J. Nicol, M.A. 


SECTION C.—GEOLOG@Y. 


President.—Professor Charles Lapworth, LL.D., F.R.S., F.G.S. 


Vice-Presidents.—Professor Bonney, D.Sc., F.R.S.; R. Etheridge, F.R.S. ; 
Professor T. M‘K. Hughes, F.R.S.; Professor T. Rupert Jones, 
F.R.S.; B. N. Peach, F.R.S.; Professor A. F. Renard ; Baron F’. von 
Richthofen ; Dr. R. H. Traquair, F.R.S. 


Secretaries—H. M. Cadell, F.R.S.E.; J. E. Marr, F.R.S.; Clement 
Reid, F.G.S. ; W. W. Watts, M.A. (Recorder). 


SECTION D.—BIOLOGY. 


President.—Professor W. Rutherford, M.D., F.R.S., F.R.S.H. 

Vice-Presidents.—Professor I. Bayley Balfour, F.R.S.; Professor F. O. 
Bower, F.R.S.; W. Carruthers, F.R.S.; Professor J. Cossar 
Ewart, F.R.S.E.; Professor M, Foster, Sec.R.S.; Dr. George King, 
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C.1.E., F.R.S.; Professor M‘Intosh, F.R.S.; Professor J.G. McKen- 
drick, F.R.S.; Professor Burdon Sanderson, F.R.S.; Dr. P. L. Sclater, 
E.R.S. 

Secretaries —G. Brook, F.R.S.E.; Professor W. A. Herdman, F.R.S. 
(Recorder); George Murray, F.R.S.E.; Professor William Stirling, 
M.D.; Harold Wager. 


SECTION E.—GEOGRAPHY. 
President.—Professor James Geikie, D.C.L., LL.D., F.R.S., F.R.S.E., 
F.G.S8., V.P.R.Scot.G.S. 


Vice-Presidents. — Colonel Godwin-Austen, F.R.S.; J. Y. Buchanan, 
F.R.S.; Dr. George Dawson, C.M.G., F.R.S.; H. J. Mackinder, 
F.R.G.S.; E. G. Ravenstein, F.R.G.S.; Baron F. von Richthofen ; 
Coutts Trotter, F.R.G.S. 


Secretaries.—J. G. Bartholomew, F.R.S.E.; John Coles, F.R.G.S.; 
J. Scott Keltie, F.R.G.S. (Recorder) ; A. Silva White, F.R.S.H. 


SECTION F.—ECONOMIC SCIENCE AND STATISTICS. 


President.—The Hon. Sir C. W. Fremantle, K.C.B. 


Vice-Presidents.—Professor W. Cunningham, D.D.; Professor J. H. C. 
Munro, LL.D.; Professor J. 8. Nicholson, F.R.S.E.; R. H. Inglis 
Palgrave, F.R.S.; T. Bond Sprague, F'.R.S.E. 


Secretaries.—Professor J. Brough, LL.D.; J. R. Findlay, B.A.; Professor 
HK. C. K. Gonner, M.A. (Recorder) ; Henry Higgs, LL.B.; L. L. 
F. R. Price, M.A. 


SECTION G.—MECHANICAL SCIENCE. 


President.—Professor W. C. Unwin, F.R.S., M.Inst.C.E. 


Vice-Presidents.—Professor G. F. Armstrong, F.R.S.E.; Sir Benjamin 
Baker, K.C.M.G., F.R.S.; Professor George Forbes, F.R.S.; Alex- 
ander Leslie, M.Inst.C.E.; D. A. Stevenson, F.R.S.E. 


Secretaries—Conrad W. Cooke ; W. Bayley Marshall, M.Inst.C.E. ; W. C. 
Popplewell, B.Sc.; E. Rigg, M.A. (Recorder). 


SECTION H.—ANTHROPOLOGY. 


President.—Professor Alexander Macalister, M.A., M.D., F.R.S. 


Vice-Presidents.—Joseph Anderson, M.D. ; Sir Arthur Mitchell, K.C.B.; 
Robert Munro, M.D.; Sir William Turner, F.R.S. 


Secretaries.—G. W. Bloxam, M.A. (Recorder) ; Dr. D. Hepburn, F.R.S.E. ; 
Professor R. Howden, M.A.; H. Ling Roth. 
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OFFICERS AND COUNCIL, 1892-3. 


PRESIDENT. 


SIR ARCHIBALD GEIKIBE, LL.D., D.Sc., For. Sc. B.S., F.R.S.E., F.G.S., Director-General of 
the Geological Survey of the United Kingdom. 


VICE-PRESIDENTS. 
The Right Hon. the Lorp Provosr or Eprin- | Principal Sir WinL1am Murr, K.C.S.L., D.C.L. 
BURGH. | Professor Sir DoUGLAS MACLAGAN, M.D., Pres.R.S.E, 
The Most Hon. the MARQuEss OF LOTHIAN, K.T. | Professor Sir WILLIAM TURNER, F.R.S., F.R.S.E. 
The Right Hon. the EARL of RosEBerY, K.G., | Professor A. CRuM Brown, M.D., F.R.S., F.R.S.E., 
LL.D., F.R.S., F.R.S.E. | Pres.C.S. 
‘The Right Hon. J. H. A. MACDONALD, C.B., LL.D., | Professor P. G. Tart, M.A., F.R.S.E, 
F.R.S., F.R.S.E. 
PRESIDENT ELECT. 


PROFESSOR J. S. BURDON SANDERSON, M.D., LU.D., D.C.L., F.R.S., F.R.S.E, 


VICE=PRESIDENTS ELECT. 


His Grace the Duke or St. ALBANs, Lord Lieu- The Right Worshipful the Mayor oF NOTTING - 
tenant of Nottinghamshire. HAM. 

is Grace the DuKE oF DEVONSHIRE, K.G., Chan- The Right Hon. Sir W. R. Grove, M.A., D.C.L., 

cellor of the University of Cambridge. LL.D., F.R.S., F.R.S.E. 

His Grace the DUKE oF PorTLAND, Lord Lieu- | Sir JoHN Turney, J.P. 

____ tenant of Caithness. Professor MIcHAEL FostrR, M.A., M.D., LL.D. 
His Grace the DUKE or NEWCASTLE. Sec.R.S., F.L.S.. F.C.8. 

The Right Hon. LoRD BELPER. W. H. Ransom, Esq., M.D., F.R.S. 


GENERAL SECRETARIES. 


Capt. Sir Doveias GaLTon, K.C.B., D.C.L., LL.D., F.R.S., F.G.S., 12 Chester Street, London, S.W. 
A. G. Vernon Harcourt, Esq., M.A., D.C.L., LL.D., F.R.S., F.C.S., Cowley Grange, Oxford. 


ASSISTANT GENERAL SECRETARY. 
G. GrirritH, Esq., M.A., F.C.S., Harrow, Middlesex. 


GENERAL TREASURER. , 
Professor ARTHUR Ricker, M.A., F.R.S., Burlington House, London, W. 


LOCAL SECRETARIES FOR THE MEETING AT NOTTINGHAM. 
Professor F. CLowEs, D.Sc., F.C.8. A. P. JOHNSON, Esq., M.A. 
Professor W. H. HEATON, M.A. 
LOCAL TREASURER FOR THE MEETING AT NOTTINGHAM. 
EDWARD GoLpscHMID?, Esq., J.P. 
ORDINARY MEMBERS OF THE COUNCIL. 
ANDERSON, Dr. W., F.R.S. PREECE, W. H., Esq., F.R.S. 


Ayrton, Professor W. E., F.R.S. 
BAKER, Sir B., K.C.M.G., F.R.S. 
BALL, Sir RB. S., F.R.S. 


EpcrwortH, Professor F. Y., M.A. 
Evans, Sir J., K.C.B., F.R.S. 
FItzGERALD, Professor G. F., F.R.S. 
GLAZEBROOK, R. T., Esq., F.R.S. 
Green, Professor A. H., F.R.S. 
LivrrnG, Professor G. D., F.R.S. 
Lopas, Professor OLIVER J., F.R.S. 


Durr, Sir M. E. Grant, G.C.S.1., F.R.S. 


RAmsSAY, Professor W., F.R.S. 
REINOLD, Professor A. W., F.R.S. 
ROBERTS-AUSTEN, Professor W.C, 
ScuArer, Professor H. A., F.R.S. 
ScuustTeER, Professor A., F.R.S. 
Smewick, Professor H., M.A. 

Symons, G. J., Esq., F.R.S. 

Unwin, Professor W.C., F.R.S. 

Warp, Professor H. MARSHALL, F.R.S. 


O.B.P.B.S. 


, WurrakeER, W., Esq., F.R.S. 


WoopwarD, Dr. H., F.R.S. 


Me pot, Professor R., F.R.S. 


EX-OFFICIO MEMBERS OF THE COUNCIL. 

The Trustees, the President and President Elect, the Presidents of former years, the Vice-Presidents and 
Vice-Presidents Hlect, the General and Assistant General Secretaries for the present and former years, 
phe Secretary, the General Treasurers for the present and former years, and the Local Treasurer and 
Secretaries for the ensuing Meeting. 


TRUSTEES (PERMANENT). 
The Right Hon. Sir Jonn Lusgock, Bart., M.P., D.C.L., LL.D., F.R.S., F.L.S, 
The Right Hon. LorpD RAYLEIGH, M.A., D.C.L., LL.D., Sec. R.S., F.R.A.S. 
The Right Hon. Lord Puayrarr, K.C.B., Ph.D., LL.D., F.R.S. 
PRESIDENTS OF FORMER YEARS. 
The Duke of Argyll, K.G., K.T. | Prof. Williamson, Ph.D., F.R.S. | Sir Wm. Dawson, Erne 


ord Armstrong, C.B., LL.D. Prof. Tyndall, D.C.L., F.R.S. Sir H. £. Roscoe, D.C.L., F.R.S. 
Sir William R. Grove, F.R.S. Prof. Allman, M.D., F.R.S. Sir F. J. Bramwell, Bart., F.R.S. 
‘ir Joseph D. Hooker, K.C.S.1. Sir John Lubbock, Bart., F.R.S. | Sir. W. H. Flower, K.C.B., F.R.S. 
ir G. G. Stokes, Bart., F.R.S. Prof. Cayley, LL.D., F.R.S. Sir Frederick Abel, K.C.B., F.R.S. 
Prof. Huxley, LL.D., F.R.S. Lord Rayleigh, D.C.L., Sec. R.S. | Dr. Wm. Huggins, F.R.S. 
Lord Kelvin, LL.D., Pres.R.S. Lord Playfair, K.C.B., F.R.S. 
GENERAL OFFICERS OF FORMER YEARS. 
Galton, Esq., F.R.S. G. Griffith, Esq., M.A., F.C.S. Prof. Bonney, D.Sc., F.R.S. 
rof. Michael Foster, Sec. R.S, P. L. Sclater, Esq., Ph.D., F.R.S. | Prof. Williamson, Ph.D., F.R.S. 
AUDITORS. 


Prof. H. McLeod, F.R.S. | J.B. Martin, Esq., M.A., F.S.S. | Prof. W. Cunningham, D.Sc. 
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THE BRITISH ASSOCIATION FOR — 


EE 


Dr. THE GENERAL TREASURER’S ACCOUNT 
1891-92. RECEIPTS. 
£ 8s dd 
Balance brogght forward 2......2..00+s0+sss-es-eeteet dee seeaeee ees 846 1 2 
New Life Compositions at Cardiff Meeting and SINICC Meee eeene 330 0 0 
New Annual Members’ Subscriptions at Cardiff Meeting and 

IS1a 1S 8 56cm ned oto SREB BR OPEREE CREE REDEMIE ricceor’sncondonsbocooste 318 0 0 
Annual Subscriptions se BRE ears 555 0 0 
Sale of Associates’ Tickets at Cardiff ...........s.oe.sccoseocderes 672 0 0 
Salevor Iuadies? Ticketsat Cardifi.., secsssesccssu+saeseetesenerenees 107 0° -@ 
pale OL Publications) £......-2-0--.«..5-dossersacestereee naan 233 2 8 

tent from Mathematical Society for the year ending Sep- 

LeMPeT| 207 SOI. 3010s. ceineccasectoeerseeeReemeeees eet ne temeneee 1215 0 
Interest on Exchequer Bills... ccinnss oneapeatepeasataaes ee sartanceeeee 13 8 2 
Divadends on 'Consoly ... .,....2...ecetsssaseseeueetenes oe eee 170 18 9 
Divadends ‘onsindia: Siper Gents. 't.\cce tees eee 78 19 6 
Unexpended Balance of Grant made ‘for improving a Deep- 

Sea TOW=n6t" ...\..,ccrrssscesensbesdccoee cae sense eee eee eae 27 14 6 

¥ 
, 

< s 

A 3 
i 

A ; 

ca 

ae eile. ate ‘ 
£3364.19 9) 

——— 

Investments. 
£ $s. a 

ENG WAOSIBOLS pate centngtiteenccjocacs cicn's=\yisidele sain sSep eum scaaneavomsenet 8500 0 0 f 
Tbaai2), 33 FPP GMI, igagtiosacoqsessncboscduabedadosodgeseadd= 3senb0ce- 3600 0 0 : 
MX CHE MERMIU IS ert ieascsvuseeasessneasrecessverenssystn-ceetsnpsnut 500 0 0 é 
£12600 0 0 r 
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THE ADVANCEMENT OF SCIENCE. 


(from August 1, 1891, to June 30, 1892). Or. 


1891-92. PAYMENTS. 


&£ s ad. 

Expenses of Cardiff Meeting, including Printing and Adver- 
tising, payment of Clerks, &C.  ..2.c.....cecscasoceececesensenes i413 9 
Rent and Office Expenses, including Furniture, &c ..... ‘tend goorlo. ~S 


Salaries .... 
Messrs. Spottiswoode & ‘Co., printing, binding, &c. ........ noon! la 
GRANTS. 
& ‘s. de 
Meteorological Observations on Ben Nevis ......-+..e.e0e+ 50 0 0 
Photographs of Meteorological Phenomena ......-+..++++++ 15 0 0 
Pellian Equation Tables ....00.cccesccnecnccncccnscnverace 1 0 0 
Discharge of Electricity from Points ......-..e..eeeeeeee ee 50 0 0 
Seismological Phenomena of Japan....-...-20.-eeeeeeeeeee 10 0 0 
Pormuapaon Gl PMaloids 3. fel. fate co bc ede ov c6:0.0,008 6 spine enwnee 12 0 0 
Properties of Solutions ©. ..-.cc0. ocsccccocceecsssevacsecs 100-0 
Action of Light on Dyed Colours ..... 10 0 0 
POETGhiG ISIOGKS.) (oy dase. owen cvies is 15 0 0 
Photographs of Geological Interest .. F 20! O..-€ 
Underground Waters .....cseeeeeeeee eae, LOT OO, 
Investigation of Elbolton Cave........ 3 25 0 0 
Excavations at Oldbury Hill....... atest atalaleteteh to Diateietomemetore 10 0 0 
WretscedusiPOly 70s + Wile da iikesine nina ctaars’s ais(aeigih owienivisisiale sore 10 0 0 
Table at Naples Zoological Station.........seeceenceceeees 100 0 0 
Table at Plymouth Biological Laboratory..... Cor poe prices 1710 0 
Improving a Deep-sea Tow-net .......0-ceceeceereeeeceee ee 40 0 0 
arn eh gi6 SHAG WICH HESIATICS. 2feteyejaic\olete ei =\n evo pisisin.eva a ieleleie)ele siatals 100 0 0 
Zoology and Botany of West India Islands Com apeeanocte: 100 0 0 
Climatology and Hydrography of Tropical Africa .......... 50 0 0 
Anthropometric Laboratory ............ Rival Mtateiiciswedic etaletets 5,0.) 
Anthropological Notes and “Queries erevalatacaalatela avsicteretecieyainrets! 20) 200) 
Prehistoric Remains in Mashonaland ae BO} OPO) 
North-Western Tribes of Canada ..... as LODO) 0 
Corresponding Societies ..........-+00++ Date ee a eielant=(teitara 25 0,0 
— 864 10 0 

By Balance at Bank of England, Western Branch 436 18 6 

Less Cheques drawn but not presented ..,...... 119 10 0 

317 8 6 

In hands of General Treasurer .............. scdcosee LL OAV 

328 8 6 


£3364 19 9 


ARTHUR W. RucKER, General Treasurer. 


J. H. GLADSTONE, E 
JoHN B. Martin, \ Auditors. 


Table showing the Attendance and Receip 


Ate « ul 


Date of Meeting Where held Presidents Old Lite | New Life 
Members | Members 

USS Septe 2livers|| MOVIE A cescs,.cces eves The Earl Fitzwilliam, D.C.L. 3 
1832, June 19 ...| Oxford. ........s000-- The Rev. W. Buckland, F.R.S. t 
1833, June 25 ...!| Cambridge .........| The Rev. A. Sedgwick, F.R.8. a 
1834, Sept. 8 ...| Edinburgh ......... | Sir T. M. Brisbane, D.C.L....... 2 
SROs AMG lO ect Dib IR, 2. ccrecesssse0 The Rey. Provost Lloyd, LL.D. § 
1836, Aug. 22 ...| Bristol .........0.+-0 The Marquis of Lansdowne ... eae 
1837, Sept. 11 ...| Liverpool ............ The Earl of Burlington, F.R.S. or 
1838, Aug. 10 ...| Newcastle-on-Tyne | The Duke of Northumberland : 
1839, Aug. 26 ...| Birmingham......... The Rev. W. Vernon Harcourt 
1840, Sept. 17 ...| Glasgow .......200+. The Marquis of Breadalbane... 536 Ae 
1841, July 20 ...| Plymouth ............ The Rev. W. Whewell, F.R.S. 169 65 
1842, June 23 ...| Manchester ......... The Lord Francis Egerton...... 303 169 
yD ATES UT ioe al CORKS ac cnssoseciocn.esis'e The Earl of Rosse, F.R.S.......| 109 28 
SAAS CPUs AO oon PVOEKS wmcdscccceses+ oes The Rev. G. Peacock, D.D. ...| 226 150 
1845, June 19 ...! Cambridge ......... Sir John F. W. Herschel, Bart.} 313 36 
1846, Sept. 10 ...! Southampton ...... Sir Roderick I. Murchison, Bart.) 241 10 
UB 27 PUNe 229) deel MORTOLG ee. ceccecesesse Sir Robert H. Inglis, Bart....... 314 18 
1848, Aug. 9 ...| Swansea ............ The Marquis of Northampton 149 3 
1849, Sept. 12 ...! Birmingham......... The Rey. T. R. Robinson, D.D.| 227 12 
1850, July 21... Edinburgh neste Sir David Brewster, K.H....... 235 9 
1851, July 2 IDR WACHE ssvecs sus csss G. B. Airy, Astronomer Royal 172 8 
HSoZssepts Le el Belfast .ccsscqsessesee Lieut.-General Sabine, F.R.S. 164 10 
HOS NCP uese espe VELULL ce 5.5 ces 0ccce+s eas | William Hopkins, F.B.S. ......, 141 13 
1854, Sept. 20 ...| Liverpool .........,.. The Earl of Harrowby, F.R.S. 238 23 
1855, Sept. 12...) Glasgow ............ The Duke of Argyll, F.R.S. 194 33 
1856, Aug. 6 ...| Cheltenham ......... Prof. C. G. B. Daubeny, M.D. 182 14 
UShipeAne. 200 .0.| Dublin .....c.c/cc0cs. | The Rev.Humphrey Lloyd,D.D.| 236 15 
1858, Sept. 22 HUE EGS: caesiecsisnszcce cen Richard Owen, M.D., D.C.L....| 222 42 
1859, Sept. 14 ...| Aberdeen ............ H.R.H. the Prince Consort ...| 184 279 
USGOR MINE 27 c.-| OLOLd sieeve. econ The Lord Wrottesley, M.A. ...| 286 21 
1861, Sept. 4 ...| Manchester ......... WilliamFairbairn,LL.D.,F.R.S.| 321 113 
1862, Oct. 1 ...! Cambridge ......... | The Rey. Professor Willis, M.A.| 239 15 @ 
1863, Aug. 26 ...| Newcastle-on-Tyne | Sir William G. Armstrong, C.B.| 203 36 
SSL Sept. Laisc2| Bath cos. ..cccescecees Sir Charles Lyell, Bart., M.A. 287 40 
1865, Sept. 6 ...| Birmingham......... Prof. J. Phillips, M.A., LL.D. 292 44 
1866, Aug. 22 ...| Nottingham......... William R. Grove, Q.C., F.R.S.| 207 31 
1867, Sept.4 ...] Dundee ............... The Duke of Buccleuch, K.C.B.| 167 25 
1868, Aug. 19...| Norwich ............ Dr. Joseph D. Hooker, F.R.S. 196 18 
1869, Aug. 18 ...) Hxeter .........cc000. Prof. G. G. Stokes, D.C.L.......| 204 21 
1870, Sept. 14 ...| Liverpool ......... woo Prot. T. Hi. Huxley, Gi Dir. 314 39 
1871, Aug. 2 ...| Edinburgh ......... Prof. Sir W. Thomson, LL.D. 246 289 
1872, Aug. 14 ...| Brighton ............ Dr. W. B. Carpenter, F.R.S....| 245 36 
1873, Sept. 17 ...| Bradford ............ Prof. A. W. Williamson, F.R. 8. 212 27 © 
NS TAS VAUE. HLS cae! BELMASE ...6++00scscs08 Prof. J. Tyndall, LL.D., F.R.S.| 162 13 | 
Leib; Ate. 25 ce. Bristol .......s0.00000 SirJohn Hawkshaw,C.E. ‘F. R.S.| 239 36 
1876, Sept. 6 ...| Glasgow ............ Prof. T. Andrews, M.D., F.R.S.| 221 35 @ 
1877, Aug. 15 ...) Plymouth ............ Prof. A. Thomson, M.D.,F.R.S.| 173 19 
LSisseAmpoel 4 s..| Dublin ......ccsc0ess. W. Spottiswoode, M.A., F.R.S.}. 201 18:9 
1879, Aug. 20 ...) Sheffield ............ Prof.G. J. Allman. M.D., F.R.S.) 184 16 ; 
1880, Aug. 25 ...| Swansea ............ A. C. Ramsay, LL.D., F.R.S....| 144 11g 
SSI A reo eea|PMOTIC yy sciesissaiss'vesee > Sir John Lubbock, Bart., F.R.S.| 272 28 
1882, Aug. 23 ...| Southampton ...... Dr. C. W. Siemens, F. RS.. Bathe i!7fts) 17? 
1883, Sept. 19...| Southport ............ Prof. A. Cayley, D.C.L., F. R. s.| 203 60 
1884, Aug. 27 ...| Montreal ............ Prof. Lord Rayleigh, FRS. ...| 235 20 
1885, Sept. 9 ...| Aberdeen ............ Sir Lyon Playfair, K. = B.,F. RS. 225 18 
1886, Sept. 1 ...| Birmingham......... Sir J.W. Dawson, C.M.G.,F.R.8.| 314 254) 
1887, Aug. 31 ...! Manchester ......... Sir H. E. Roscoe, D.C.L.,F.R.S.| 428 86 
WSSS; Sepb: OF ccIMDALI! cy occeseqasecta nce Sir F. J. Bramwell, F.R.S....... 266 36 
1889, Sept. 11...) Newcastle-on-Tyne | Prof. W. H. Flower, ’G, B., ER See 20 
NS OO SSCP ts lS eiana| MUCCOS lretk we vaccweias, cee Sir EF, A. Abel, C.B.-F.R.S. <.|)99259 21 
PSSI AUS: UO WCardithy ceeccsscs..s0: 2 | Dr. W. Huggins, F BS. 189 24 
1892, Aug. 3 Edinburgh | Sir A. Geikie, LL.D., F.R.S. ...| 280 14 


* Ladies were not admitted by ancien 1 Tickets until 1843, 


+ Tickets of Admission to Sections 0: 


| Annual Meetings of the Association. 


Attended by | Amount Sums paid on 
= SSS SSS received | Account of Year 
Peasanal Mew Anna Asso. | adies | voreigners | Total | Aung the |Grantsfor Scien 
Siig Ihe cgsceo. | eseconepccnas 1831 
235° INU Boers, hr cote ooccene 1832 
LOO OR. - DBRS Ge Seaseecrpaan 1833 
OS an eeeaaweass £20 0 O|} 1834 
co | Ase SSS Pcs ee oucoce, el We meccectce LEO Os | 835 
WSO Ms wae eena 5 435 0 0} 1836 
ace noc EU) | eee ees 922 12 6] 1837 
1100* ae DAO iacew seas 932 2 2 | 1838 
nee 34 ASSO cacosy ces 1595 11 0O | 1839 
Age ns eee 40 PSDB A ics Faueks 1546 16 4 | 1840 
317 oor 60* ne SL) | See cinane 1235 10 11 | 1841 
376 33T 331* 28 UGS Ms asaerodoe 1449 17 8 | 1842 
185 one 160 ate cea — \|/eecseeace 1565 10 2 | 1843 
190 oF 260 Ar =53. Je y| PARA ebSe 981 12 8 | 1844 
22 407 172 35 TOTIA eects 831 9 9 | 1845 
39 270 196 36 SDM aN eaesdcee 685 16 0 | 1846 
40 495 203 53 TS 20 Aw jesieesce ee 208 5 4 | 1847 
25 376 197 15 819 |£707 00) 275 1 8} 1848 
33 447 237 22 1071 963 0 0 159 19 6 | 1849 
42 510 273 44 1241 | 1085 00| 345 18 0 | 1850 
47 244 141 37 710 62000| 391 9 7 | 1851 
60 510 292 9 1108 | 1085 0 0 304 6 7 | 1852 
57 367 236 6 876 903 00} 205 O O| 1853 
121 765 524 10 1802 | 188200} 38019 7 | 1854 
101 1094 543 26 | 2133 | 231100); 48016 4 | 1855 
48 412 346 3) | 1115 | 1098 0 0 734 13 9 | 1856 
120 900 569 26 | 2022 | 2015 00| 50715 4 | 1857 
91 710 509 13 1698 | 193100] 618 18 2) 1858 
179 1206 821 22 2564 | 2782 0 0 684 11 1 | 1859 
59 636 463 47 | 1689 | 1604 0 0| 76619 6 | 1860 
125 1589 791 15 | 31388 | 3944 0 0; 1111 5 10) 1861 
57 433 242 25 | 1161 | 1089 0 0 | 1293 16 6 | 1862 
209 1704 | 1004 25 | 3335 | 3640 0 0 | 1608 3 10 | 1863 
103 ihe) 1058 13 2802 | 2965 0 0 | 1289 15 8 | 1864 
149 766 508 23 1997 | 222700) 1591 7 10) 1865 
105 960 771 11 2303 | 2469 0 0 | 1750 13 4 | 1866 | 
118 1163 771 if 2444 | 2613 0 0/| 1739 4 O | 1867 
117 720 682 45t 2004 | 2042 00/ 1940 0 O | 1868 
107 678 600 17 1856 | 1931 0 0 | 1622 0 O| 1869 | 
195 1103 910 14 2878 | 3096 0 0 | 1572 O O| 1870 
127 976 754 21 2463 | 2575 0 0 | 1472 2 6) 1871 
80 937 912 43 2533 | 26490 0} 1285 O 0) 1872 
99 796 601 11 1983 | 21200 0| 1685 0 0O| 1873 
85 817 630 12 1951 | 1979 0 0} 1151 16 0} 1874 
93 884 672 17 2248 | 239700] 960 O 0} 1875 
185 1265 712 25 2774 | 3023 00] 1092 4 2 | 1876 
59 446 283 11 1229 | 1268 00| 1128 9 7 | 1877 
93 1285 674 17 2578 | 261500} 72516 6 | 1878 
74 529 349 13 1404 | 1425 0 0 | 1080 11 11 | 1879 
41 389 147 12 915 899 00] 731 F 7 | 1880 
176 1230 514 24 2557 | 2689 0 0 476 & 1 | 1881 
79 516 189 21 1253 | 1286 0 0 | 1lz6 1 11 | 1882 
323 952 841 5 2714 | 236900] 1083 3 38 | 1883 
219 826 74 +|26&60 H.§| 1777 | 1538 00|1173 4 O | 1884 
122 1053 “447 6 2203 | 225600] 1385 O 0 | 1885 
179 1067 429 11 2453 | 253200)/ 995 O 6 | 1886 
244 1985 493 92 3838 | 4336 0 0 | 1186 18 O | 1887 
100 639 509 35 1984 | 2107 00} 1511 O 5 | 1888 
113 1024 579 12 2437 | 2441 0 0 | 1417 O 11 | 1889 
92 680 334 21 1775 | 177600} 789 16 8 | 1890 
152 672 107 12 1497 | 1664 0 0 | 1029 10 0 | 1891 
141 733 439 50 2070 | 2007 0 0 864 10 0 | 1892 
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REPORT OF THE COUNCIL. 


Report of the Cowncil for the year 1891-92, presented to the General 
Commitiee at Edinburgh, on Wednesday, August 3, 1892. 


The Council have received reports from the General Treasurer during 
the past year, and his account from August 1, 1891 to June 30, 1892, 
which has been audited, will be presented to the General Committee. 

An invitation to hold the Annual Meeting of the Association at 
Oxford in 1894 has been received, and will be brought before the General 
Committee on Monday. 

Resolutions referred to the Council for consideration and action if 
desirable :— 

(A) ‘That Mr. C. L. Tupper’s paper on “‘ Recent Progress in Indian Agriculture,” 
and Mr. W. C. Furnivall’s paper on “Recent Progress in Indian Railways,” be 
printed in extenso.’ 


The Council resolved that Mr. Tupper’s paper should be printed in 
fall, and Mr. Furnivall’s in abstract. a 


(B) ‘That the General Committee meet on the Monday at 3.30 P.m., and the 
Committee of Recommendations meet on the Tuesday at 3.30 P.M.’ 


The Council recommend to the General Committee that their meeting 
on Monday be held at 3.15 p.m., and that the meeting of the Committee 
of Recommendations on Tuesday be held at 3.15 p.m. 

Resolutions referring to the Ordnance Survey, viz. :— 


(C) 1. ‘That the publication of the one-inch and six-inch Ordnance Survey Maps 
is. in the interests of Science, urgently required at the earliest possible 
date, no less than in the interests of Industry, Manufacture, and 
Technical Education.’ 

2. ‘That steps be taken and provision made for keeping the Ordnance Maps 
up to date.’ 

3. ‘That the Maps should be made more accessible to the public, and should 
be sold at a lower price, as is the case in nearly all other official publica- 
tions, such as Admiralty Charts, Blue-Books, ete.’ 


The Council have been informed that the President of the Board of 
Agriculture has appointed a Departmental Committee to inquire into the 
state of the Ordnance Survey, and as this Committee has not yet re- 
ported, the Council have taken no further action in the matter. 

The following Resolutions, which were passed by the Australasian 
Association for the Advancement of Science at the meeting held at 
Christchurch, New Zealand, 1891, have been received by the Council :— 
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RESOLUTIONS. 


‘(1) That it is desirable to secure greater uniformity in Biological 
nomenclature, especially in the department of Morphology. 

‘(2) That in order to secure such uniformity the following steps be 
taken :— 


_ *(a@) The appointment of an International Committee to define terms of general 
importance, ¢e.g., terms common to Botany and Zoology, terms relating to Position, 


‘(b) The preparation of an authoritative historical glossary of Biological terms. 
‘(e) The systematic record of new terms in the various recording publications. 


‘(3) That copies of these Resolutions be transmitted to the British and 
American Associations, and to the Anatomische Gesellschaft.’ 


The Council appointed a Committee consisting of Dr. Sclater, Dr. 
Woodward, Professor Marshall Ward and Professor Howes to consider 
these proposals, and have adopted their report in the following terms :— 
‘ After considering the Resolutions submitted by the Australasian 
Association for the Advancement of Science, we think from the context 
that, by the word “ nomenclature”’ in the first resolution, is meant “ ter- 
minology.” Assuming this to be the case, we quite agree that it would 
be desirable to secure greater uniformity in Biological terminology, but 
we doubt whether the appointment of an International Committee would 
end to secure that object. 
‘As regards the recommendation (b) in the second Resolution, we 
also quite agree that the preparation of a good glossary of Biological 
terms would be of great advantage, if a qualified person could be induced 
‘to undertake the task of editorship. We also agree that the glossary 
ought to be supplemented from time to time by records, to be kept up in 
he various recording publications.’ 

This Report will be transmitted to the Australasian Association. 

The Report of the Corresponding Societies Committee has been 
received, and will be presented to the General Committee. 
The Corresponding Societies Committee, consisting of Mr. Francis 
Galton, Professor R. Meldola, Sir Douglas Galton, Sir Rawson Rawson, 
Dr. J. G. Garson, Sir J. Evans, Mr. J. Hopkinson, Mr. W. Whitaker, 
Mr. G. J. Symons, Mr. W. Topley, Professor T. G. Bonney, and Mr. T. V. 
Holmes, is hereby nominated for re-appointment by the General Com- 
mittee, together with Mr. E. B. Pouiton, Mr. Cuthbert Peek, and the 
Rev. Canon Tristram, in the place of Professor A. W. Williamson, Pro- 
fessor Boyd Dawkins, and General Pitt Rivers. 
The Council nominate Professor R. Meldola, F.R.S., Chairman, Mr. 
G. J. Symons, F.R.S., Vice-Chairman, and Mr. T. V. Holmes, F.G.S., 
5 eet to the Conference of Delegates of Corresponding Societies to 
e held during the Meeting at Edinburgh. 
-Inaccordance with the regulations the retiring Members of the Council, 
exclusive of the late Mr. H. W. Bates, will be :— 


Prof. G. H. Darwin. Prof. J. W. Judd. 
Sir J. N. Douglass. Prof. T. E, Thorpe. 


The Council recommend the re-election of the other ordinary Members 
of the Council, with the addition of the gentlemen whose names are 
distinguished by an asterisk in the following list :— 
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Anderson, Dr. W., F.R.S. 
Ayrton, Prof. W. E., F.R.S. 
Baker, Sir B., K.C.M.G., F.R.S. 
*Ball, Sir R.8., F.R.S. 
Edgeworth Prof., M.A. 

Evans, Sir J., K.C.B., F.BR.5. 
Fitzgerald, Prof. G. F., F.R.S. 
Glazebrook, R. T., Esq., F.R.S. 


*Grant-Duff,SirM. E.,G.C.8.L., F.R.S. 


*Green, Prof. A. H., F.R.S. 
Liveing, Prof. G. D., F.R.S. 
Lodge, Prof. Oliver J., F.R.S. 
*Meldola, Prof. R., F.R.S. 
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Preece, W. H., Esq., F.R.S. 
Ramsay, Prof. W., F.R.S. 
Reinold, Prof. A. W., F.R.S 


Roberts-Austen, Prof. W. C., C.B., F.R.S. 
Schiifer, Prof. E. A. . 

Schuster, Prof. A., 
Sidgwick, Prof. H., MA 
Symons, G. J., Esq., F. 
*Unwin, Prof. W. C., F. 


B 


BS. 
B.S. 


Ward, Prof. Marshall, F.R.S. 
Whitaker, W., ee F. RS. 
Woodward, Dr. H F.R.S. 


1b5:0-0 le 


1. Receiving Grants of Money. 


COMMITTEES APPOINTED BY THE GENERAL COMMITTEE AT THE 
EpinsurgH Meeting 1n August 1892. 


Subject for Investigation or Purpose | 


Members of the Committee 


Making Experiments for improv- 
ing the Construction of Practical 
Standards for use in Electrical 
‘| Measurements. 
| [Including an unexpended balance 
of 102, from last year’s grant. } 


Co-operating with the Scottish Me- 
teorological Society in making 
Meteorological Observations on 
Ben Nevis. 


The Application of Photography 
to the Elucidation of Meteoro- 
_ logical Phenomena. 


For Calculating Tables of certain 
_ Mathematical Functions, and, 
_ if necessary, for taking steps to 
_ carry out the Calculations, and 
to publish the results in an 
accessible form. 

[Last year’s grant renewed. ] 


1892. 


Chairman.—Professor G. Carey 


Foster. 

Secretary.—Mr. R. T. Glazebrook. 

Lord Kelvin, Professors Ayrton, 
J. Perry, W. G. Adams, and 
O. J. Lodge, Lord Rayleigh, Drs. 
John Hopkinson and A. Muir- 
head, Messrs. W. H. Preece 
and Herbert Taylor, Professors 
Everett and Schuster, Dr. J. A. 
Fleming, Professors G. F. Fitz- 
gerald, Chrystal, and J. J. Thom- 
son, Mr. W. N. Shaw, Mr. J. T. 
Bottomley, and Rev. T. C. Fitz- 
patrick, Professor J. Viriamu 
Jones, Dr. G. Johnstone Stoney, 
Professor 8. P. Thompson, and 
Professor G. Forbes. 


Chairman.—Lord McLaren. 


Secretary.— Professor Crum Brown. 


Mr. John Murray and Dr.A. Buchan, 
Professor R. Copeland, and Hon. 
R. Abercromby. 


Chairman.—Mr. G. J. Symons. 

Secretary.—Mr. A. W. Clayden. 

Professor R. Meldola and Mr. John 
Hopkinson. 


Chairman.—Lord Rayleigh. 

Secretary.— Professor A. Lodge. 

Lord Kelvin, Professor Cayley, 
Professor B. Price, Dr. J. W. 
L. Glaisher, Professor A. G. 
Greenhill, and Professor W. M. 
Hicks. ' 


150 00 


10 00 


1 00 
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Subject for Investigation or Purpose 
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1. Receiving Grants of Money—continued. 


Members of the Committee 


Grants 


Considering the best Methods of 
Recording the Direct Intensity 
of Solar Radiation. 


To co-operate with the Royal Corn- 
wall Polytechnic Society in pro- 
moting the Magnetic work of 
the Falmouth Observatory. 


Preparing a new Series of Wave- 
length Tables of the Spectra of 
the Elements. 


To consider the best Method of 
establishing an International 
Standard for the Analysis of 
Iron and Steel. 


The Investigation of the direct 
Formation of MHaloids from 
pure Materials. 

{This grant includes 137. 5s., the 
balance of last year’s grant not 
drawn. | 


The Action of Light upon Dyed 
Colours. 


Isomeric Naphthalene Derivatives. 


Recording the Position, Height 
above the Sea, Lithological Cha- 
racters, Size, and Origin of 
the Erratic Blocks of England, 
Wales, and Ireland, reporting 
other matters of interest con- 
nected with the same, and tak- 
ing measures for their preserva- 
tion. 


Chairman.—Sir G. G. Stokes. 

Sceretary.—Professor H. McLeod. 

Professor A. Schuster, Mr. G. John- 
stone Stoney, Sir H. E. Roscoe, 
Captain W. de W. Abney, Mr. G. 
M. Whipple, Mr. G. J. Symons, 
and Mr. W. E. Wilson. 


Chairman.—Myr. Howard Fox. 

Seerctary.—Mr. Howard Fox. 

Professors A. W. Riicker and W. 
G. Adams. 


Chairman.—Sir H. E. Roscoe. 

Secretary.—Dr. Marshall Watts. 

Mr. Lockyer, Professors Dewar, 
Liveing, Schuster, W. N. Hart- 
ley, and Wolcott Gibbs, and 
Captain Abney. 


Chairman. — Professor Roberts- 
Austen. 

Secretary.—Mr. Thomas Turner. 

Sir F. Abel, Messrs. E. Riley and 
J. Spiller, Professor J. W. Lang- 
ley, Mr. G. J. Snelus, and Pro- 
fessor W. A. Tilden. 


Chairman.—Professor H. B. Arm- 
strong. 

Secretary.—Mr. W. A. Shenstone. 

Professor W. R. Dunstan and Mr, 
C. H. Bothamley. 


Chairman.— Professor T. E. Thorpe. 


Secretary.—Professor J. J. Hum- 
mel. 

Dr. Perkin, Professor Russell, Cap- 
tain Abney, Professor Stroud, 
and Professor Meldola, 


Chair man.—-Professor W.A. Tilden. 


Secretary.—Professor H. E. Arm- 
strong. 


Chairman.—Professor E. Hull. 

Secretary.—Mr. P. F. Kendall. 

Professors W. Boyd Dawkins, T. 
McK. Hughes, T. G. Bonney, and 
J. Prestwich, Dr. H. W. Cross- 
key, Messrs, C. E. De Rance, 
R. H. Tiddeman, J. W. Woodall, 
and Prof. L. C, Miall. 


10 


20 


15 


20 


10 


00 


00) 


00 


COMMITTEES APPOINTED BY THE GENERAL COMMITTEE 
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7 1. Receiving Grants of Money—continued. 


Subject for Investigation or Purpose 


The Description and Illustration 
| of the Fossil Phyllopoda of the 
Palzozoic Rocks. 


| The Collection, Preservation, and 
| Systematic Registration of 
Photographs of Geological in- 
terest. 


The Circulation of the Under- 
| ground Waters in the Permeable 
Formations of England, and 
the Quality and Quantity of 
the Waters supplied to various 
Towns and Districts from these 
Formations. And that a Digest 
of the eighteen Reports should 
be prepared by the Committee, 
and sold in a separate form. 


| To investigate the character of 
the high-level shell-bearing de- 
posits at Clava, Chapelhall, and 
other localities. 


The Investigation of the Euryp- 
terid-bearing Deposits of the 
Pentland Hills. 


investigate the effect of light 
on Algze at the Zoological Sta- 
tion at Naples, or, failing this, 
to appoint some other competent 
investigator to carry on a defi- 
nite piece of work at the Zoolo- 
gical Station at Naples approved 
by the Council. 


To arrange for the Occupation of 
a Table at the Laboratory of the 

Marine Biological Association, 
Plymouth, in order to enable Mr. 
F. Gamble, B.Sc., to investigate 
the British Turbellaria. 


Members of the Committee 


Chairman.—Rey. Prof. T. Wilt- 
shire. 
Secretary.—Yrofessor T. R. Jones. 


Dr. H. Woodward. 


Chairman.—Professor J. Geikie. 

Secretary.—Mr. O. W. Jefis. 

Professors Bonney and Boyd Daw- 
kins, Drs. V. Ball and T. Ander- 
son, and Messrs. A. S. Reid, BE. J. 
Garwood, W. Gray, H. B. Wood- 
ward, J. E. Bedford, R. Kidston, 
W. W. Watts, J. W. Davis, and 
R. H. Tiddeman. 


10 00 


Chairman.—Professor E. Hull. 5 

Secretary.—Mr. C. EK. De Rance. 

Dr. H. W. Crosskey, Sir D. Gal- 
ton, Professor J. Prestwich, and 
Messrs. J. Glaisher, P. F. Ken- 
dali, E. B. Marten, G. H. Morton, 
W.Pengelly, J. Plant, I. Roberts, 
T. 8. Stooke, G. J. Symons, W. 
Topley, Tylden - Wright, HE. 
Wethered, and W. Whitaker. 


Chairman.—Mx. J. Horne. 

Secretary.—Mr. Dugald Bell. 

Messrs. J. Fraser, P. F. Kendall, 
J. F. Jamieson, and David 
Robertson. 


20 09 


Chairman.—Dr. R. H. Traquair. 
Secretary.—Mr. M. Laurie. 
Professor T, Rupert Jones. 


10 00 


Chairman.—Dr. P. L. Sclater. 

Secretary.—Mr. Percy Sladen. 

Professors Ray Lankester, Cossar 
Ewart, M. Foster, and A. Milnes 
Marshall and Mr. A. Sedgwick. 


100 00 


Chairman. — Professor E, Ray 
Lankester. 

Secretary.—Mr. 8. F. Harmer. 

Professors M. Foster and S. H. 
Vines. 


30 00 
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1. Receiving Grants of Money—continued. 


Subject for Investigation or Purpose 


To report on the present state of 
our Knowledge of the Zoology 
of the Sandwich Islands, and to 
take steps to investigate ascer- 
tained deficiencies in the Fauna, 
with power to co-operate with 
the Committee appointed for 
the purpose by the Royal Society, 
and to avail themselves of such 
assistance in their investiga- 

“tions as may be offered by the 
Hawaiian Government. 


To report on the present state of 
our Knowledge of the Zoology 
and Botany of the West India 
Islands, and to take steps to in- 
vestigate ascertained deficien- 
cies in the Fauna and Flora. 


Exploration of Irish Sea. 


The Physiological Action of the 
inhalation of oxygen in as- 
phyxia, more especially in coal- 
mines. 


Compilation of an Index Generum 
et Specierum Animalium. 


The Exploration of the Glacial 
Region of the Karakorum 
Mountains, Physically, Geologi- 
cally, and Biologically, by Mr. 
W. M. Conway and com- 
panions. 


Scottish Place-Names, 
Climatological and Hydrographi- 


cal Conditions of Tropical 
Africa. 


Members of the Committee 


Chairman.—Professor A. Newton. 

Secretary.—Dr. David Sharp. 

Dr. W. T. Blanford, Dr.8. J. Hick- 
son, Professor Riley, Mr. O. Sal- 
vin, Dr. P. L. Sclater, and Mr. 
Edgar A. Smith. 


Chairman.—Dr. P. L. Sclater. 

Secretary.—Mr. G. Murray. 

Mr. W. Carruthers, Drs. A. C. Giin- 
ther and D. Sharp, Mr. F. Du 
Cane Godman, Professor A. 
Newton, and Dr. D. H. Scott. 


Chairman.—Professor W. A. Herd- 
man. 

Secretary.—Mr. I. C. Thompson. 

Professor A. C. Haddon, Mr. Hoyle, 
Mr. A. O. Walker, and Mr. G. 
Brook. 


Chaiyman.—Professor John G. 
McKendrick, M.D. 

Seeretary.—Mr, J.E. F. Thomson, 
M.B. 

Mr. J. T. Bottomley. 


Chairman.—Sir W. H. Flower. 
Secretary.—Myr. G. Brook. 
Dr. P. L. Sclater, Dr. H. Woodward. 


Chairman.— Colonel 

Austen. 
Seeretary.—Professor T. G. Bonney. 
Colonel H. C. B. Tanner 


Godwin- 


Chaiaman.—Sir C, W. Wilson. 
Secretary.—Dr. J. Burgess. 
Mr. Coutts Trotter. 


Chairman.—Mr. E. G. Ravenstein. 

Secretary.—Dr. H. R. Mill. 

Mr. G. J. Symons and Mr. Bald- 
win Latham. 


50 


30 


20 


20 


50 


10 


50 


COMMITTEES APPOINTED BY THE GENERAL COMMITTEE. 


Subject for Investigation or Purpose 


1. Receiving Grants of Money—continued. 
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The Methods of Economic Train- 
ing adopted in this and other 
countries. 


For carrying on the Work of the 
Anthropometric Laboratory. 


Exploration of Ancient Remains 
at Axume and Adule in Abys- 
sinia. 


The Physical Characters, Lan- 
guages, and Industrial and So- 
cial Condition of the North- 
Western Tribes of the Dominion 
of Canada. 


| The Habits, Customs, Physical 
| Characteristics, and Religions 
| of the Natives of India. 

| [Last year’s grant renewed. | 


Corresponding Societies’ Com- 


mittee. 


2. Not receiving Grants of Money. 


Subject for Investigation or Purpose 


To consider the establishment of a 
National Physical Laboratory for the 
_ more accurate determination of Phy- 


Members of the Committee Grants 
eee sid. 

Chairman.—Professor W. Cun- 5 00 

ingham. 
Secretary.—Professor E. C. K. 

Gonner. / 
Professor F. Y. Edgeworth, Pro- 

fessor H. 8. Foxwell, Dr. J. N. 

Keynes, and Mr. H. Higgs. 
Chairman.—Sir W. H. Flower. 56 00 
Secretary.—Dr. J. G. Garson. 
Mr. G. W. Bloxam, Dr. Wilberforce 

Smith, and Professor A. C. 

Haddon 
Chairman.—Dr. J. G. Garson. 25 00 
Secretary.—Myr. J. Theodore Bent. 
Mr. F. W. Rudler, Mr. E. W. Bra- 

brook, and Mr. Bloxam. 
Chairman.—Dr. E. B. Tylor. 100 00 
Secretary.—Mr. G. W. Bloxam. 
Dr. G. M. Dawson, Mr. R. G. 

Haliburton, and Mr. H. Hale. 
Chairman.—Sir William Turner. 10 00 
Secretary.—Mr. G. W. Bloxam. 
Sir W. H. Flower, Drs. Garson 

and E. B. Tylor, and Mr. H. H. 

Risley. 
Chairman.—Professor R. Meldola.| 30 00 


Secretary.—Mr. T. V. Holmes. 
Mr. Francis Galton, Sir Douglas 
Galton, Sir Rawson Rawson, Mr. 
G. J. Symons, Dr. J. G. Garson, 
Sir John Evans, Mr. J. Hopkin- 
son, Professor T. G. Bonney, Mr. 
W. Whitaker, Mr. W. Topley, 
My. E. B. Poulton, Mr. Cuthbert 
Peek, and Rev. Canon H. B. 
Tristram. 


Members of the Committee 


Chairman.—Professor Oliver J. Lodge. 
Secretary.—Mr. R. T. Glazebrook. 
Lord Kelvin, Lord Rayleigh, Sir H. E. 


sical Constants, and for other Quanti- 
_ tative Research, and to confer with 
the Council of the Association. 


Roscoe, Professors J. J. Thomson, 
Riicker, Clifton, Fitzgerald, Carey Fos- 
ter, J. Viriamu Jones, A. Schuster, and 
W. E. Ayrton. 
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2. Not receiving Grants of Money—continued. 


Subject for Investigation or Purpose 


The various Phenomena connected with 
the recalescent Points in Iron and 
other Metals. 


The Volcanic and Seismological Phe- 
nomena of Japan. 


Carrying on the Tables connected with 
the Pellian Equation from the point 
where the work was left by Degen 
in 1817. 


To investigate the Phenomena accom- 
panying the Discharge of Electricity 
from Points. 


Comparing and Reducing Magnetic Ob- 
servations. 


Modes of Measuring the Optical Con- 
stants of Microscopic, Photographic, 
and other Lenses, and of specifying 
and enumerating the Properties of 
their Combinations. 


To co-operate with Dr. Piazzi Smyth in 
his Researches on the Ultra Violet 
Rays of the Solar Spectrum. 


The Collection and Identification of 
Meteoric Dust. 


The Rate of Increase of Underground 
Temperature downwards in various 
Localities of dry Land and under 
Water. 


| 


Members of the Committee 


Chairman.—Professor Fitzgerald. 

Secretary.—Professor Barrett. 

Dr. John Hopkinson, Mr. R. A. Hadfield, 
Mr. Trouton, Professor Roberts-Austen, 
and Mr. H. F. Newall. 


Chairman.—Lord Kelvin. 

Secretary.—Professor J. Milne. 

Professor W. G. Adams, Mr. J. T. Bottom- 
ley, Professor A. H. Green, and Profes- 
sor C. G. Knott. 


Chairman.—Professor A. Cayley. 

Secretary.—Professor A. Lodge. 

Professor Sylvester and Mr. A. R. For- 
syth. 


Chairman.—Professor O. J. Lodge. 
Secretary.—Mr. A. P. Chattock. 
Professor Carey Foster. 


Chairman.—Professor W. G. Adams. 

Secretary.—Professor W. G. Adams. 

Lord Kelvin, Professors G. H. Dar- 
win and G. Chrystal, Mr. C. H. Carp- 
mael, Professor Schuster, Mr. G. M. 
Whipple, Captain Creak, the Astro- 
nomer Royal, Mr. William Ellis, and 
Professor A. W. Riicker. 


Chairman.—Professor G, C. Foster. 

Secretary.—Professor §. P, Thompson. 

Mr. R. T. Glazebrook, Mr. J. Walker, Sir 
Howard Grubb, Mr. Whipple, and 
Captain Abney. 


Chairman.—Professor G. D. Liveing. 
Secretary.—Dr. Piazzi Smyth. 
Professors J. Dewar and A. Schuster. 


Chairman.—Myr. John Murray. 

Secretary.—Mr. John Murray. 

Professor Schuster, Lord Kelvin, the 
Abbé Renard, Dr. A. Buchan, the Hon. 
R. Abereromby, Dr. M. Grabham, and 
Mr. John Aitken. 


Chairman.—Professor Everett. 

Secretary.—Professor Everett. 

Professor Lord Kelvin, Mr. G. J. Symons, 
Sir A. Geikie, Mr. J. Glaisher, Mr. Pen- 
gelly, Professor Edward Hull, Professor 
Prestwich, Dr. C. Le Neve Foster, Pro- 
fessor A. S. Herschel, Professor G. A. 
Lebour, Mr. A. B. Wynne, Mr. Gallo- 
way, Mr. Joseph Dickinson, Mr. G. F. 
Deacon, Mr. E. Wethered, Mr. A. Stra- 
han, and Professor Michie Smith. 


COMMITTEES APPOINTED BY THE GENERAL COMMITTEE. 
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2. Not receiving Grants of Money—continued. 


| Subject for Investigation or Purpose 


| To co-operate with Dr. Kerr in his 
researches on Electro-optics. 


| The Properties of Solutions. 


Reporting on the Bibliography of Solu- 
tion. 


The Continuation of the Bibliography 
of Spectroscopy. 


The Influence of the Silent Discharge 
of Electricity on Oxygen and other 
Gases. 


The Action of Light on the Hydracids 
of the MHalogens in presence of 


Oxygen. 


To inquire into the Proximate Chemical 
Constituents of the various kinds of 
Coal. 


| To report on recent Inquiries into the 
History of Chemistry. 


| The Rate of Erosion of the Sea-coasts of 
| England and Wales, and the Influence 
of the Artificial Abstraction of 
Shingle or other material in that 
action. 


The Volcanic Phenomena of Vesuvius 
_ and its neighbourhood. 


Members of the Committee 


Chairman.— Dr. John Kerr. 
Seeretary.—My. R. T. Glazebrook. 
Lord Kelvin and Professor A. W. Riicker. 


Chairman,—Professor W. A. Tilden. 
Seeretary.—Dr. W. W. J. Nicol. 
Professor W. Ramsay. 


Chairman.—Professor W. A. Tilden, 

Secretary.—Dr. W. W. J. Nicol. 

Professors McLeod, Pickering, Ramsay, 
and Young. 


Chairman.— Professor H. McLeod. 
Seeretary.—Professor Roberts-Austen. 
Mr. H. G. Madan and Mr. D. H. Nagel. 


Chairman.—Professor H. McLeod. 

Secretary.—Mr. W. A. Shenstone. 

Professor W. Ramsay and Mr. J. T. Cun- 
dall. 


Chairman.—Dr. W. J. Russell. 

Secretary.—Dr. A. Richardson. 

Captain Abney and Professors Noel 
Hartley and W. Ramsay. 


Chairman.—Sir 1. Lowthian Bell. 

Secretary.— Professor P. Phillips Bedson. 

Mr. Ludwig Mond, Professors Vivian B. 
Lewes and EH. Hull, and Messrs. J. W. 
Thomas and H. Bauerman. 


Chairman.—Professor H. i. Armstrong. 
Secretary.—Frofessor John Ferguson. 


Chairman.—Mx. W. Whitaker. 

Secretaries—Messrs. C. E. De Rance and 
W. Topley. 

Messrs. J. B. Redman and J. W. Woodall, 
Maj.-Gen. Sir A. Clarke, Admiral Sir E. 
Ommanney, Capt. Sir G. Nares, Capt. 
J. Parsons, Capt. W. J. L. Wharton, 
Professor J. Prestwich, and Messrs. E. 
Easton and J. 8S. Valentine, and Pro- 
fessor L. F. Vernon Harcourt. 


Chairman.—Mr. H. Bauerman. 
Secretary.— Dr. H. J. Johnston-Lavis. 


| Messrs. F. W. Rudler and J. J. H. Teall, 
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2. Not receiving Grants of Money—continued, 


Subject for Investigation or Purpose 


Members of the Committee 


Considering the advisability and possi- 
bility of establishing in other parts 
of the country Observations upon the 
Prevalence of Earth Tremors similar 
to those now being made in Durham 
in connection with coal-mine explo- 
sions. 


To consider the best Methods for the 
Registration of all Type Specimens 
of Fossils in the British Isles, and 
to report on the same. 


To complete the Investigation of the 
Cave at Elbolton, near Skipton, in 
order to ascertain whether the re- 
mains of Palzolithic Man occur in 
the Lower Cave Earth. 


To carry on Excavations at Oldbury 
Hill, near Ightham, in order to ascer- 
tain the existence or otherwise of 
Rock Shelters at that spot. 


To consider a project for investigating 
the Structure of a Coral Reef by 
Boring and Sounding. 


For improving and experimenting with 
a Deep-sea Tow-net for opening and 
closing under water. 


To make a Digest of the Observations on 
the Migration of Birds at Lighthouses 
and Light-vessels. 


For taking steps to establish a Botanical 
Laboratory at Peradeniya, Ceylon. 


Chairman.—Mx. G. J. Symons. 

Secretary.—Mr. C. Davison. 

Sir F. J. Bramwell, Mr. E. A. Cowper, 
Professor G. H. Darwin, Professor 
Ewing, Mr. Isaac Roberts, Mr. Thomas 
Gray, Sir John Evans, Professors Prest- 
wich, Hull, Lebour, Meldola, and Judd, 
Mr. M. Walton Brown, Mr. J. Glaisher, 
Professor C. G. Knott, Professor J. H. 
Poynting, and Mr. Horace Darwin. 


Chairman.—Dr. H. Woodward. 

Secretary.—Mr. A. Smith Woodward. 

Rev. G. F. Whidborne and Messrs. R. 
Kidston and J. E. Marr. 


Chairman.—Myr. J. W. Davis. 

Seceretary.—Rev. E. Jones. 

Sir J. Evans, Dr. J. G. Garson,and Messrs. 
W. Pengelly, R. H. Tiddeman, and J. 
J. Wilkinson. 


Chairman.—Sir J. Evans. 
Seeretary.—Mr. B. Harrison. 
Professors Prestwich and H. G. Seeley. 


Chairman.—Professor T, G. Bonney. 

Secretary.—Professor W. J. Sollas. 

Sir Archibald Geikie, Professors A. H. 
Green, J. W. Judd, C. Lapworth, A. C. 
Haddon, Boyd Dawkins, G. H. Dar- 
win and A. Stewart, Captain Wharton, 
Drs. H. Hicks, J. Murray, and H. B. 
Guppy, Messrs. F. Darwin, H. O. 
Forbes, G. C. Bourne, 8. Hickson, A. R. 
Binnie, and J. W. Gregory, and Hon. P. 
Fawcett. 


Chairman.—Professor A. C. Haddon. 
Secretary.—My. W. E. Hoyle. 
Professor W. A. Herdman. 


Chairman.—Professor A. Newton. 

Seercetary.—Mr. John Cordeaux. 

Messrs. John A. Harvie-Brown, R. M. 
jarrington, and W. E. Clarke and the 
Rev. E. P. Knubley. 


Chairman.—Professor M. Foster. 


| Secretary.—Professor J. B. Farmer. 
| Professor Bayley Balfour, Mr. Thiselton- 


Dyer, Dr. Trimen, Professor Marshall 
Ward, Mr. Carruthers, Professor Har- 
tog, Professor F. O. Bower, and Mr.’ 
W. Gardiner. 
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2. Not receiving Grants of Money—continued. 


Subject for Investigation or Purpose 


Members of the Committee 


To consider proposals for the Legislative 
Protection of Wild Birds’ Eggs. 


The Teaching of Science in Elementary 
Schools 


To report on Methods of determining 
the dryness of Steam in boiler trials. 


To draw up a Third Report on the 
Development of Graphic Methods in 
Mechanicai Science. 


To organise an Ethnographical Survey 
of the United Kingdom. 


The Prehistoric and Ancient Remains 
of Glamorganshire. 


. 


| Ascertaining and recording the Locali- 
ties in the British Islands in which 

evidence of the existence of Prehis- 
toric Inhabitants of the Country are 
found. 


To consider Uniformity in the Spelling 
of Barbaric and Savage Languages 
and Race Names. 


To investigate the Physical Deviations 
from the Normal among Children in 
_ Elementary and other Schools. 


Chairman.—Mr. Thomas Henry Thomas. 

Secretary.—Dr. C. T. Vachell. 

Professors W. N. Parker, Newton, and 
Leipner, Mr. Poulton, and Canon 
Tristram. 


Chairman.—Dr. J. H. Gladstone. 

Seeretary.—Professor H. E. Armstrong. 

Mr. 8. Bourne, Dr. Crosskey, Mr. George 
Gladstone, Mr. J. Heywood, Sir J. 
Lubbock, Sir Philip Magnus, Professor 
N. Story Maskelyne, Sir H. E. Roscoe, 
Sir R. Temple, and Professor Silvanus P, 
Thompson. 


Chairman.—Sir F. J. Bramwell. 

Secretary.—Professor W. C. Unwin. 

Professor A. B. W. Kennedy, Mr. Mair 
Rumley, Mr. Jeremiah Head, and Pro- 
fessor Osborne Reynolds. 


Chairman.—Myr. W. H. Preece. 
Secretary.—Professor H. 8. Hele Shaw. 
Lord Kelvin and Sir Benjamin Baker. 


Chairman.—Mv. Francis Galton. 

Secretary.—Mr. E. W. Brabrook. 

Dr. J. G. Garson, Professor A. C. Haddon, 
and Dr. Joseph Anderson. 


Chairman.—Dr. C. T. Vachell. 

Secretary.—Mzr. E. Seward. 

Lord Bute, Messrs. G. T. Clark, R. W. 
Atkinson, Franklen G. Evans, James 
Bell, and T. H. Thomas, and Dr. J. 
G. Garson. 


Chairman.—Sir John Lubbock. 

Secretary.—Myr. J. W. Davis. 

Sir John Evans, Professor Boyd Daw- 
kins, Dr. R. Munro, Mr. Pengelly, Dr. 
Hicks, and Professor R. Meldola. 


Chairman.—Mz. F. Galton. 

Secretary.—Mz. C. H. Peek. 

Dr. E. B. Tylor, Professor A. C. Haddon, 
Mr. G. W. Bloxam, and Mr. Ling Roth. 


Chairman.—Six Douglas Galton. 

Secretary.—Dr. Francis Warner. 

Mr. G. W. Bloxam, Mr. E. W. Brabrook, 
and Dr. J. G. Garson. 


xe REPORT—1892. 


Other Resolutions adopted by the General Committee. 


That Mr. W. N. Shaw be requested to continue his Report on the present state of 
our Knowledge in Electrolysis and Electro-chemistry. 


That Dr. J. Larmor and Mr. G. H. Bryan be requested to continue their Report 
on the present state of our Knowledge in Thermodynamics, specially with regard to: 
the Second Law. 


That Professor A. Michelson’s paper on ‘The Application of Interference-Methods. 
to Spectroscopic Measurement’ be printed in eawtenso in the Report of the Asso- 
ciation. 


That M. Guillaume’s paper on ‘ Physical Constants and Units’ be printed in ex- 
tenso among the Reports. 


That the Report drawn up by Professor H. 8. Hele Shaw on ‘Graphic Methods’ be: 
printed im extenso, with the necessary drawings, among the Reports. 


That the paper by Mr. G. F. Deacon on ‘ Shield Tunnelling in Loose Ground under 
Water Pressure’ be printed in eatenso with the necessary diagrams. 


That the Organising Committee of a Section be empowered to arrange the hours. 
of meeting of the Section and the Sectional Committee. 


Fesolutions, §c., referred to the Council for consideration, and action 
if desirable. 


That the Council be requested to draw the attention of the Local Government 
Board to the desirability of the publication of the Report on the Examination into 
Deviations from the Normal amongst 50,000 Children in various Schools, which has. 
been presented to that Board by the British Medical Association. 


That the Council be requested to draw the attention of Her Majesty's Government. 
to the Anthropometric Method for the measurement of criminals, which is success- 
fully in operation in France, Austria, and other continental countries, and which has 
been found effective in the identification of habitual criminals, and consequently in 
the prevention and repression of crime. 


j The letter of Professor E. Wiedemann and the communications from the Com- 
mittees of Sections B and C on the subject of the Headings of Reports. 


xCi 


Synopsis of Grants of Money appropriated to Scientific Pur- 
poses by the General Committee at the Edinburgh Meeting, im 
August 1892. The Names of the Members entitled to call 
on the General Treasurer for the respective Grants are prefixed. 


Mathematics and Physics. 


£ 

*Foster, Professor Carey—Hlectrical Standards (partly re- 
MRE hn ono 2 plsicnRenpoy Maks Mewes pansiee dai acesaupe tapas aaeats 25 
*McLaren, Lord.—Meteorological Observations on Ben Nevis 150 
*Symons, Mr. G. J— Photographs of Meteorological Phenomena 10 
*Rayleigh, Lord—Tables of Mathematical Functions ......... 15 

*Stokes, Sir G. G.—Recording the Direct Intensity of Solar 
MUPIRM RENN Betis Pais: Sh nde acid cdaae ve Naaaaane temas aeise so.d spon dae 10 
Fox, Mr. H.—Magnetic Work at the Falmouth Observatory 25 

Chemistry and Mineralogy. 

*Roscoe, Sir H.—Wave-length Tables of the Spectra of the 
| ELIE UTIL Weg Se Ao ee ell a ROP og GB | Se Ere 10 
*Roberts-Austen, Professor—Analysis of Iron and Steel...... 20 

*Armstrong, Professor H. E.—Formation of Haloids from 
Pure Materials (partly renewed) ..........00...-s:seccee see eee 15 

*Thorpe, Professor T. H.—Action of Light upon Dyed 
RR Soro cal apis on nd san th ck god nse sos wdnct Hed «iS sa knasa Age 5 
*Tilden, Professor W. A.—Isomeric Naphthalene Derivatives 20 

Geology. 

*Prestwich, Professor J.—EHrratic Blocks ............ss0s0000- 06 10 
*Wiltshire, Rev. T.—Fossil Phyllopoda .............50.....c0ee ee 5 
*Geikie, Professor J.—Photographs of Geological Interest ... 10 
*Hull, Professor E.—Underground Waters................:..0600: 5 

*Horne, Mr. J.—Shell-bearing deposits at Clava, Chapel- 
SSL Ise RI es RON se cos wanscdguestacueons seaeee 10 
Traquair, Dr. R. H.—Eurypterids of the Pentland Hills ...... 10 
RAMEUOH: SOE WPHIN Saas cies da eo anda supientsesssnee's. £365 


* Reappointed. 
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£8. the 
Brome bTORWArd ., si teedec ss -+ciskes..00s.0dses++chdeun es eee 
Biology. 
*Sclater, Dr. P. L.—Table at the Naples Zoological Station 100 0 0 
*Lankester, Professor HE. R.—Table at the Plymouth Biological 
Wipe at ya oR Pee can tr 1ecee tas twice dea e seen sin ++ ee peeneeeeeaem 30 0 0 
*Newton, Professor A.—Fauna of Sandwich Islands............ 100 0 0 
*Sclater, Dr. P. L.—Zoology and Botany of West India 
ADa rata lteiiie oe Wass P Ree Auten Rants os poe ce Sew veto sa osteo cd neeeee 50 0 0 
Herdman, Professor W. A.—Exploration of Irish Sea ......... 30 0 0 
M‘Kendrick, Professor J. G.—Physiological Action of Oxygen 
UEDA HY RIBERA Te ois. << <nas iss nav aos oos-sod «pte puss careneemeete 20 0 0 
Flower; Sir W. H.—Index of Genera and Species of Animals 20 0 0 
Geography. 
Godwin-Austen, Col.—Exploration of Karakorum Mountains 50 0 
Wilson, Sir C. W.—Scottish Place Names ............s.s00000.. 1O 0 
*Ravenstein, Mr. E. G.—Climatology and Hydrography of 
esaap GaN TAC HG iv .icic var vesue- cs saskews «ona svansdnimexaeraeeeeemne 50 0 0 
Economic Science and Statistics. 
Cunningham, Professor W.—Methods of Economic Training 5 0 0 
Anthropology. 
*Flower, Sir W. H.—Anthropometric Laboratory .............+ 5 Oem 
Garson, Dr. J. G.—Exploration of Ancient Remains in 
«2 UPS SENG 1G, ete OS i AO PRR eT 25 0 0 
*Tylor, Dr. E. B.—North-Western Tribes of Canada............ 100 0 0 
*Turner, Sir W.—Habits, Customs, d&c., of Natives of India 
EREBE VON) oct ceri ors 2% svsinss poncodeeen dt aeedeoeetti cen 10) ORG 
Corresponding Societies. 
*Meldola, Professor R.—Corresponding Societies’ Committee 30 0 
£1,000 0 0 - 
* Reappointed. 


The Annual Meeting in 1893. 


The Meeting at Nottingham will commence on Wednesday, Sep- — 


tember 13. 
Place of Meeting in 1894. 
The Annual Meeting of the Association will be held at Oxford. 


O- 


£ os. ad. 
1834. 
Tide Discussions ......s.0..+.- 20 0 0 
1835 
Tide Discussions ........+ss00+ 62 0 0 
British Fossil Ichthyology ... 105 0 0 
£167 O O 
1836. 

Tide Discussions .........sse+ 163 0 0 
British Fossil Ichthyology ... 105 0 0 
Thermometric Observations, 

RIMMER we nadecccccsescscseseces 50 0 0 
Experiments on long-con- 
tinued Heat ......seseeeeseees ily¢ AL (0) 
Rain-gauges ...........0.++ aoe oelom © 

Refraction Experiments ...... 15 0 0 
Lunar Nutation...............06 60 0 0 

Thermometers ......ceeseseeeeee 15 6 0 

£435 0 0 
1837. 
Tide Discussions .............++ 284 1 0 
Chemical Constants ............ 2413 6 
Lunar Nutation..............066. 70 0 0 
Observations on Waves ...... 100 12 0 
Tides at Bristol ..........2:.000+. 150 0 0 
Meteorology and Subterra- 
nean Temperature............ 93 3 +O 
Vitrification Experiments 150 0 0 
Heart Experiments ............ 8 4° 6 
Barometric Observations ...... 30 0 0 
BEATOGICTCTS ,.. 01-0 ccecceesecnesess 1118 6 
£922 12. 6 
1838. 
Tide Discussions ...........06+ 29 0 0 
British Fossil Fishes............ 100 0 O 
Meteorological Observations 
_ and Anemometer (construc- 
Beene ag ocsiatcedeaavieseses 100 0 0 
last Iron (Strength of) ...... 60 0 0 
Animal and Vegetable Sub- 
stances (Preservation of)... 19 1 10 
poilway Constants «eres 41 12 10 
eeiesdidivedeascsenes 50 0 0 
Hetecte stares 7 0 0 
BRE pesoqeecebedtc 3.6 6 
1 ducation Committee ......-.. 50 0 0 
Heart Experiments ............ 5 3 0 
Land and Sea Level...........+ 267 8 7 
Steam-vessels..........seseceeeees 100 0 0 
Meteorological Committee al 9b 
£932 2° 2 
1839. 
Fossil Ichthyology ............ 110 0 0 
Meteorological Observations 
Svat Plymouth, &c. ...........- 63 10 O 


xelli 


Bee eral Statement of Sums which have been paid on account of 
Grants for Scientific Purposes. 


£ sncd: 
Mechanism of Waves ......... 144 2 0 
Bristol Wides*..... jcccessccssess 3518 6 

Meteorology and Subterra- 
nean Temperature............ 2111 O 
Vitrification Experiments ... 9 4 7 
Cast-iron Experiments......... 1038 0 0 
Railway Constants ............ 280) 2 
Land and Sea Level............ 274 1 4 
Steam-vessels’ Engines ...... 100 0 0 
Stars in Histoire Céleste ...... 171 18 6 
Stars in Lacaille ............... 11 0 O 
Stars in R.A.S. Catalogue 166 16 6 
Animal Secretions..........++. 10 10 O 
Steam Engines in Cornwall... 50 0 0O 
Atmospheric FAGHE. xc Anonsanguody 1610 
Cast and Wrought Iron ...... 40 0 0 
Heat on Organic Bodies ...... 3:0 O 
Gases on Solar Spectrum...... 22 0 0 

Hourly Meteorological Ob- 

servations, Inverness and 
KEM OUSSIO ME se. non dedadeean a. LOT 8 
Fossil Reptiles ........0......00« L1Singy 59 
Mining Statistics .........:... 50 0 0 
£1595 11 0 

1840. 

BrishOl ides v2. -tescteede sess ger 100 0 0 
Subterranean Temperature... 13 13 6 
Heart Experiments ..:......... 18 19 0 
Lungs Experiments ............ 813 0 
A CEMDISCUSSIONS W ccsesaescncica 50 O O 
Land and Sea Level....... cocceme: (hae! 
Stars (Histoire Céleste) ...... 242 10 O 
Stars! Clacaille) vec. sccccmasiesecee 415 0 
Stars (Catalogue) ............06- 264 0 O 
Atmospheric Air .........-0c000 1515 0 
Wate rionglinonicecccde yecaces aaa 10 0 O 
Heat on Organic Bodies ...... 050 
Meteorological Observations. 52 17 6 
Foreign Scientific Memoirs... 112 1 6 
Working Population ............ 100 0 O 
School Statistics ............... 50 0 O 
Forms of Vessels .........c.0-e+ 184 7 0 

Chemical and Electrical Phe- 
MOWICN A: ficatinedcdaes ache 40 0 0 

Meteorological Observations 
AivELyMOUG) s-ecsnesbaesaner 80 0 0 
Magnetical Observations...... 185 13 9 
£1546 16 4 

1841. 

Observations on Waves ...... 30 0 0 

Meteorology and Subterra- 
nean Temperature............ aro ac 
ACHINOMETETS .........scsecccerees 10 0 O 
Earthquake Shocks ............ 17 7 0 
ACTIGMPOISODS. 2. .ccreecse dense 6 0 0 
Veins and Absorbents ........, 3 0 0 
Mind) In RIVETS Wee... 00 csr esinee 5 0 0 
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£8. da. | £8 
Marine ZOolopy «.........00...00. 15 12 8 | Reduction of Stars, British 
keleton! Maps! en.cccescwacseoe 20 0 0 Association Catalogue ...... 25 0 
Mountain Barometers ......... 618 6 | Anomalous Tides, Frith of 
Stars (Histoire Céleste) ...... 185 0 0 Hon Wipes. We nti ehinseacsineceeeeee 120 0 
Stazs (Lacaille)..........0c.0008 . 79 5 O| Hourly Meteorological Obser- 
Stars (Nomenclature of) ...... 1719 6 vations at Kingussie and 
Stars (Catalogue of) ............ 40. 0 0 UMV@PMESS” {. pose: aeemereeneeee 77 12 
Water On TTOn ...csecssscsceseee 50 0 0 | Meteorological Observations 
Meteorological Observations at Plymouth: i. pcncssesereeee 55 O 
BbeIMVERNESS sc ccbeccre heres cine 20 0 O | Whewell’s Meteorological Ane- 
Meteorological Observations mometer at Plymouth ...... 10 0 
(reduction of) ............. 25 0 0 | Meteorological Observations, 
Hossil) Reptilas <..ssesc seeces-ee 50 0 0 Osler’s Anemometer at Ply- 
Foreign Memoirs ........ ...... 621,05 6 Mouth... c..c:-sscesp eee 20 0 
Railway Sections ............. . 38 1 0 | Reduction of Meteorological 
Hormpsio£ Vessels) ....c.s1+...+. 193 12 0 Observations «.......scsccseess 30 0 
Meteorological Observations Meteorological Instruments 
Bib PLYMOIUM Uwe aceceeeess cess 55 0 0 and Gratuities ........ A econ 39 6 
Magneticai Observations...... 61 18 8 | Construction of Anemometer 
Fishes of the Old Red Sand- at INVerness- ...casssnweapetins 56 12 
SUOMEM mommecrincsbniaathins caveies 100 0 O | Magnetic Co-operation......... 10 8 
AGES ate SLi tess ces secueesse 50 0 O | Meteorological Recorder for 
Anemometer at Edinburgh... 69 1 10 Kew Observatory ............ 50 0 
‘Tabulating Observations ...... 9 6 3 | Action of Gases on Light...... 18 16 
PRC ES OPE VICI Som cwiairclssiewsiaeiesises 5 0 0} Establishment at Kew Ob- 
Radiate Animals .............. cree) SOac0 servatory, Wages, Repairs, 
£1235 10 11 Furniture, and Sundries ... 133 4 
————— | SExperiments by Captive Bal- 
1842 LOOMS 9.4.4, -=csesecsecnaepenege Foil Gio s) 
Dynamometric Instruments.. 113 11 2 a a of the Rails. of 
Anoplura Britanniz ............ 5212 0] 5 at "WEYIS ss as sez vec prine aaa 20 0 
Tides at Bristol .......0..0.00.0 Bp go, | + S>ication ot -ibenom ed 
Gases on Light ..............ce 30 14. 7 |__, Fossil Reptiles ............ + 40 0 
(hing Ome tersessscnsecccrssesece ; 9617 6 | Coloured Drawings of Rail- 
Marine, ZOOLO PY. cicssss.as+saces Ibs yO) wey Sections ee A Tare setae 
British Fossil Mammalia...... 100 0 0 | Registration of Earthquake 
Statistics of Education......... 20 0 0 , ShOGKS'.c.sncsseee eras teccecsneens 3 0 0 
Wiis’ Steniicvebuele’. WA: Report on Zoological Nomen- 
a aa ete aa 28 0 0 clature sinsaisie 0 oc ¥eee sieleeitateeeee 10 0 
Stars (Histoire Oéleste) ...... Bo gio. | Uncovering Love aE 
Stars (Brit. Assoc. Cat. of)... 110 0 0 sacra “te Manchester ...... athe 
Railway Sections ............... 16110 0 Vegetative Power of Seeds oe bes 
British Belemnites ..........-. 50 0 0 | Marine Testaces (Habits of)y @1059 
Fossil Reptiles (publication Marine Zoology sia) tobi Glee Ween 10 0 
EGPEUSIOEL)  osehecasckoncessseece 210 0 0 | Marine Zoology .....+.....1005 wat Bee 
Forms of Vessels .......0....6:. 180 0 0 | Preparation of Report on Brit- 
Galvanic Experiments on ish Fossil Mammalia ...... 100 0 
ROCKGEEN Speen Cee neers, 5 § 6 | Physiological Operations of 
Meteorological! Experiments Medicinal Agents <..tecaems 20 0 
tp VNONO TUL ee chsh. cc eecenann 68 0 O Vital Statistics Be eee 36 6 
Constant Indicator and Dyna- Additional Experiments on 
mometric Instruments ...... 90 0 0 the Forms of Vessels Mise 70 0 
HoncevOr Wind s.cscsstees peace LOM Ol sO additional Experiments on 
Light on Growth of Seeds ... 8 0 0 the forms of Vessels soboneees 100 0 
Vital Statistics .......ecssee. 2950, Oo) | Beduction of Maperumamias 
Vegetative Power of Seeds... 8 1 11 the Forms of Vessels ...... 100 0 
Questions on Human Race... 7 9 O aos Instrument and Con- 
#i4a9 17-8 stant Indicator ............... 69 14 
sees ee Experiments on the Strength 
1843 of Materials) 5.:ice-sssseeeeee 60 0 
Revision of the Nomenclature £1565 10 2 10 
OlF SUATS! cocscaccsscecesenerevets 20 0 


i 


GENERAL 
# 8. a. 
1844. 
_ Meteorological Observations 
at Kingussie and Inverness 12 0 0 
Completing Observations at 
IPDVIMOULH  .......sesccweanseeer 35 0 0 
Magnetic and Meteorological 
Co- MOPETALION .......00000s0008 25 8 4 
Publication of the British 
Association Catalogue of 
“IZINS) de: Hag DUCBCCRSDEArIG TGA a 35 0 0 
Observations on Tides on the 
East Coast of Scotland 100 0 0 
Revision of the Nomenclature 
EM SUATS a piricles coe nis' swieo' 1842 2 9 6 
Maintaining the Establish- 
ment at Kew Observa- 
DOLAT se Sachagsh sen pps Beeree cece UWeli7, 3 
Instruments for ‘Kew Obser- 
RCTs REE we aiels Ai slkisklseslsisws.a'ys.s 56 7 3 
Influence of Light on Plants 10 0 0 
Subterraneous Temperature 
PRIBETUSLATI oie nosis o0'ece,cnGese bi) (0 
Coloured Drawings of Rail- 
WAYMSCCUIONS .....0c.cucorevess LG 
Investigation of Fossil Fishes 
ofthe Lower Tertiary Strata 100 0 0O 
Registering the Shocks of 
Harthquakes ............ 1842 23 11 10 
Structure of Fossil Shells ... 20 0 0 
Radiata and Mollusca of the 
Aigean and Red Seas 1842 100 0 0 
Geographical Distributions of 
Marine Zoology......... 1842 010 0 
Marine Zoology of Devon and 
POM A oo atsn caine dois eisie'e eens 10 0 O 
_ Marine Zoology of Corfu...... 10 0 0 
Experiments on the Vitality 
RMR COS pe osc cycckcticdececserecs 30" -0 
Experiments on the Vitality 
GRBEEUS): hiwechorcs scares 1842 8 7 38 
Exotic Anoplura ............... 15 0 0 
Strength of Materials ......... 100 0 0 
Completing Experiments on 
the Forms of Ships ......... 100 0 0 
Inquiries into Asphyxia ...... 10 0 0 
Investigations on the Internal 
Constitution of Metals...... 50 0 0 
Constant Indicator and Mo- 
rin’s Instrument ...... 1842 10 0 0 
£981 12 8 
: 1845. 
Publication of the British As- 
sociation Catalogue of Stars 351 14 6 
Meteorological Observations 
PAUMITEVETTCSS: «5 ecceecececueee nes 30 18 11 
_ Magnetic and Meteorological 
CO-Operation ..........c0.4.00 1616 8 
Meteorological Instruments 
at Edinburgh................. 1811 9 
“Reduction of Anemometrical 
Observations at Plymouth 25 0 0 


STATEMENT. XCV 
£ 8. a, 
| Electrical Experiments at 

Kew Observatory ...........+ 43 17 8 
Maintaining the LEstablish- 

ment at Kew Observatory 149 15 0O 
For Kreil’s Barometrograph 25 0 0 
Gases from Iron Furnaces... 50 0 O 
The Actinograph ............0.. 15 0 0 
Microscopic Structure of 

HOM Si snacacseceadana-befeces se 20 0 0 
Exotic Anoplura ......... 1843 10 0 O 
Vitality of Seeds ......... USA 2. 0,7 
Vitality of Seeds ......... Sse 0) 0 
Marine Zoology of Cornwall. 10 0 0 
Physiological Action of Medi- 

CULES eisscasaniace ve cansacedacsers AO ONO 
Statistics of Sickness and 

Mortality in York.. ......... 20 0 0 
Earthquake Shocks ...... 1843 1514 8 

£831 9 9 
1846. 
British Association Catalogue 

Ola URNS esc vale cin ee seas 1844 211 15 0 
Fossil Fishes of the London 

Gla yacnatarase sgementseess cescicond 100 0 0 
Computation of the Gaussian 

Constants for 1829 ......... >. 0 0 
Maintaining the Establish- 

ment at Kew Observatory 146 16 7 
Strength of Materials ......... 60 0 0 
Researches in Asphyxia ...... 616 2 
Examination of Fossil Shells 10 0 0 
Vitality of Seeds ......... 1844 2 15 10 
Vitality of Seeds .........1845 712 3 
Marine Zoology of Cornwall 10 0 O 
Marine Zoology of Britain... 10 0 0 
Exotic Anoplura ......... 1844 25 0 0 
Expenses attending Anemo- 

NIG AES -Gondocnbrectepeceocencdce’ 7 6 
Anemometers’ Repairs......... 2° 3 .6 
Atmospheric Waves ..........+. 3h) ee 
Captive Balloons ......... 1844 819 8 
Varieties of the Human Race 

1844 7 6 3 
Statistics of Sickness and 
Mortality in York............ 12 0 0 
£685 16 0 
; 1847. 
Computation of the Gaussian 

Constants for 1829............ 50 0 0 
Habits of Marine Animals... 10 0 0 
Physiological Action of Medi- 

(GUIDYES)  Gosserancseroncage Osetra 20 0 0 
Marine Zoology of Cornwall 10 0 O 
Atmospheric Waves ............ Ga Ql as 
Vitality of Seeds ..........0-000 Aik 
Maintaining the Establish- 

ment at Kew Observatory 107 8 6 

£208 5 4 


XCV1 


EE 


1848. 
Maintaining the Establish- 


d. 


ment at Kew Observatory 171 15 11 


Atmospheric Waves ............ 310 9 
Vitality of Seeds ..............- 915 0 
Completion of Catalogue of 

SHieI= bl” Granoneace Marcin a boruseeoS 70 0 0 
On Colouring Matters ......... ba 0-0 
On Growth of Plants ......... ibe 0! 50 

£275 1 8 
1849. 
Electrical Observations at 

Kew Observatory ............ 50 8 O 
Maintaining the Hstablish- 

ment at Gitto.........s0csr- hey at 
Vitality of Seeds ............... Dane ll 
On Growth of Plants ......... 5 0 0 
Registration of Periodical 

PHENOMENA... ........cercerecres 110) 10710, 
Bill on Account of Anemo- 

metrical Observations ...... 377910 

£159 19 6 
1850. 
Maintaining the Establish- 

ment at Kew Observatory 255 18 0 
Transit of Harthquake Waves 50 0 O 
Periodical Phenomena......... 15 0 0 
Meteorological Instruments, 

PUZORES Pe cassian onciank seduieaitves es 25 0 0 

£345 18 0 
1851. 
Maintaining the Hstablish- 

ment at Kew Observatory 

(includes part of grant in 

STO) Bice sstesacNsncccieenasseess 309 2 2 
Theory Of Heat’ .............ce000 PS Mie iyo 
Periodical Phenomena of Ani- 

Mal Span Gd WlANUS . sceses eases » ‘0:0 
WatalitiysOL SCEdS\-..:..2-....000 5.6 4 
Influence of Solar Radiation 30 0 O 
Ethnological Inquiries......... 12 0 0 
Researches on Annelida ...... 10 0 O 

Sot LE 7h 
1852. 
Maintaining the Establish- 

ment at Kew Observatory 

(including balance of grant 

HOTA SD) Meare sencrsarcsnae scenes 233 17 8 
Experiments on the Conduc- 

TLOMVOLGHCAb, Sreecncoeece seen Be 39 
Influence of Solar Radiations 20 0 0 
Geological Map of Ireland... 15 0 0 
Researches on the British An- 

vacate E Weaaesaascerioeme aapaeaadaad 1070" 70 
Vitality of Seeds ............ melo: 1G 
Strength of Boiler Plates...... 103700 

£304 6 7 
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£8. de 
1853. 

Maintaining the Establish- 

ment at Kew Observatory 165 0 0O 
Experiments on the Influence 

of Solar Radiation ......... 15.0 Of 
Researches on the British A 

Amnelidaiscc.:ss-assealiaeecees 10°07 50} 
Dredging on the East “Coast 

of Scotland aceldeeectattitesmatete 10 0 © 
| Ethnological Queries ......... 5 0 0 

£205 0 QO - 
1854. 
| Maintaining the Establish- 

ment at Kew Observatory 

(including balance of 

former; Sra): .ctcevssssmensswe 330 15 
Investigations on Flax......... 11 0 
Effects of Temperature on 

Wrought Iron...........0.s000e 10 0 
Registration of Periodical 

PhenoOmenaic.sc.s<csvesnentecss 10 0 
British Annelida .............6. 10 0 
Vitality of Seeds .........0.066 5 2 
Conduction of Heat ............ 4 2 

£380 19 
1855. 
Maintaining the Establish- 

ment at Kew Observatory 425 0 
Earthquake Movements ...... 10 0 
Physical Aspect ofthe Moon 11 8 
Vitality of Seeds... .:cu.mecwsuae 10 71 
Map of the World.............+. 15 0 
Ethnological Queries ......... 5 0 
| Dredging near Belfast......... 40 

£480 16 
1856. 
Maintaining the Establish- 

ment at Kew Observa- 

tory :— 

USb4..2..cee 6.7540 210 
1855.00.00. £500! 0: 0afn ae 
Strickland’s Ornithological 

SyDONyMAS: 32vave cokes resem 100 0 
Dredging and Dredging 

HOTS. 4.1.2. see se aaeeee eee 9 13 
Chemical Action of Light ... 20 0 
Strength of Iron Plates ...... 10 0 
Registration of Periodical 

Phenomena......2.:-cs>sseseeeae 10 0 
Propagation of Salmon......... 10 0 

£734 13 
1857. 
Maintaining the Establish- 

ment at Kew Observatory 350 0 
Earthquake Wave Experi- 

TNCUUSS reo eneaceeseece desea 40 0 
Dredging near Belfast......... 10 0 
Dredging on the West Coast 

OLISCOnlANG |) easeeeuacceseneeeee 10 0 


ae ae 
= 


» 1892. ° 


£ 8. d. 
Tovestigations into the Mol- 
lusca of California ......... 10 0 0 
_ Experiments on Flax ......... 5 0 0 
Natural History of Mada- 

PARCEL \c0cccsccceccsoccncesseeees 20 0 0 
Researches on British Anne- 

MUGEN a Acaasccccssacrosescasssos0e 25 0 0 

Report on Natural Products 

imported into Liverpool... 10 0 0 
Artificial Propagation of Sal- 

RERSIEI MME: Sekuals gaccence cee sasecas se 10.0 0 
Temperature of Mines......... (hak ts) TY) 
Thermometers for Subterra- 

___ nean Observations............ 5 7 4 
 Life-boats .......ceseeseveeeeeeees 5 0 0 
£507 15 4 
ee 
1858. 
q Maintaining the Establish- 

ment at Kew Observatory 500 0 0 
Earthquake Wave Experi- 

PUTO CTIGS oe cnc ceuccecnccsvoonssneues 26 0 0 
Dredging on the West Coast 

GIP SCOUATIG 52.06. 000000espseoee 10 0 0 

Dredging near Dublin......... 5 0 0 
, Vitality of Seeds ...........c008 5 5 0 

Dredging near Belfast......... 18 13 2 
_ Report on the British Anne- 

Ii EV ao sae Reese Baivcaeaybakeereins 25 0 0 
Experiments on the produc- 

tion of Heat by Motion in 

HUEIIOS os easecsicecorecs sever ceeds 20 0 0 
Report on the Natural Pro- 

ducts imported into Scot- 

Pete CMeetestearcsesersy coe Secoen 260) OE © 

£618 18 2 
; 1859. 
Maintaining the Establish- 

ment at Kew Observatory 500 0 0 
Dredging near Dublin......... 15'0 0 
Osteology of Birds ..........06 50 0 0 
Mrish Dunicata .......0..sveves o) zoe OO 
Manure Experiments ......... 20 0 0 
British Meduside ............+6 5 0 0 
Dredging Committee ......... 5 0 0 
Steam-vessels’Performance... 5 0 0 
Marine Fauna of South and 

“West of Ireland..............+ 10 0 0 
Photographic Chemistry ...... 10 0 0 
Lanarkshire Fossils ............ 20 0 1 

Balloon Ascents.........eressesee 39. 11-0 
£684 11 1 
: 1860. 

Maintaining the Establish~ 
ment at Kew Observatory 500 0 0 
Dredging near Belfast......... 16 6 0 
Dredging in Dublin Bay...... 15 0 0 

Inquiry into the Performance 
_ of Steam-vessels .......0...4 124 0 0 

Explorations in the Yellow 
Sandstone of Dura Den ... 20 0 0 


GENERAL STATEMENT. 


xcvil 
£ 3s @ 
Chemico-mechanical Analysis 

of Rocks and Minerals...... 25 0 0 
Researches on the Growth of 

PIATIDST. Ja. meee ves tionpeomsceeences 10 0 9 
Researches on the Solubility 

GES SAMUS cos ececcosdsacecscdsss 30 0 0 
Researches on theConstituents 

OL Manmres’ <.soccceneseecsnes 25 0 0 
Balance of Captive Balloon 

PACCOUMDS sss cceonceensneeeUsces: . Tea, 16 

£766 19 6 
1861. 
Maintaining the Establish- 

ment at Kew Observatory.. 500 0 0 
Earthquake Experiments...... 25 0 0 
Dredging North and East 

Coasts of Scotland ......... 23 0 O 
Dredging Committee :— 

1860...... £50 0 0 

fees “tog ge 
Excavations at Dura Den...... 20 0 0 
Solubility of Salts) ............ 20 0 O 
Steam-vessel Performance ... 150 0 0 
Fossils of Lesmahagow ...... 15 0 0 
Explorations at Uriconium... 20 0 0 
Chemical Alloys ............... 20 0 0 
Classified Index to the Trans- 

ACTIONS. .encMscncs-ccbisatnssesns 100 0 O 
Dredging in the Mersey and 

DOG ye iret vac cnusscacemundeeesess 5 0 0 
Dip iCircler vcc.scs.svcseeee scree 30 0 0 
Photoheliographic Observa- 

IONS. ccchesesseacceucts scriccves 50 0 @ 
IPTISOM Deb isesccsscceevesarecesccs 20 0 0 
Gauging of Water............066 10 0 O 
Alpine Ascents ...............00 6 5 10 
Constituents of Manures ...... 25 0 0 

£1111 5 10 
1862. 
Maintaining the Establish- 

ment at Kew Observatory 500 0 0 
Patentilaws saccesscedenssees recs 21 6 O 
Mollusca of N.-W. of America 10 0 0 
Natural History by Mercantile 

Marine) *.idocetaccsces vats witeet 5. 0 0 
Tidal Observations ............ ab) 6 Oe 
Photoheliometer at Kew ...... 40 0 @ 
Photographic Pictures of the 

SUM cae ccestiecseatan cee emecauee LOY TOR 10 
Rocks of Donegal............... 25. s0P a0 
Dredging Durham and North- 

TM bp CMAN iccsctenaestessesrecs 25 0 0 
Connection of Storms ........ 20108, 0 
Dredging North-east Coast 

OR SGOuANGE &itssaescvacsecu) ly Gara G 
Ravages of Teredo ............ Beth aan 0) 
Standards of Electrical Re- 

SISUAM GOR netcutusec cs ce cued 50 0 O 
Railway Accidents ............ 10 0 0 
Balloon Committee ............ 200 0 O, 
Dredging Dublin Bay ......... 10 0 Q 

£ 
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xeviii 
£ 3. a. 
Dredging the Mersey ........ 5 0 O 
PTINONUD Le hepecctesssen saves serene. 20 0 0 
Gauging of Water............06+ 1210 0 
Steamships’ Performance...... 150 0 0 
Thermo-electrie Currents 5 0 0 
£1293 16 6 
1863. 
Maintaining the Establish- 

ment at Kew Observatory... 600 0 0 
Balloon Committee deficiency 70 0 0 
Balloon Ascents (other ex- 

TOMES), Bacar Grhinconsdantiocsoad4 25 0 0 
TIGOZU Brose aeeerrach meni erecess aces 25 0 0 
COomUMIOSSIIS Sane aperecstenehesgee 20 0 0 
IEICTEINISS ooo. sesecnssomereapecsset 20 0 0 
Granites of Donegal............ a 0.0 
ETI SQUMDICH Seeeeaetenncece tees. oo 20 0 0 
Vertical Atmospheric Move- 

DYNET Ge pen pete gaee eeiasaeia cass LS x0! 10 
Dredging Shetland ............ 50 0 0 
Dredging North-east Coast of 

PICOMEAING coer se Es cecrececeGavanse's 25 0 0 
Dredging Northumberland 

BNC MUTA) cess staceses esos 17 310 
Dredging Committee superin- 

RENIGETICE anc stpercissecscss cos 10 0 0 
Steamship Performance ...... 100 0 0 
Balloon Committee ............ 200 0 O 
Carbon under pressure ......... EO) LOO 
Volcanic Temperature ......... 100 0 90 

‘Bromide of Ammonium ...... ao20 10 
Electrical Standards............ 100 0 0 
Electrical Construction and 

IDISERIDTUDION) <2. sscecscncvesees 40 0 0 
Luminous Meteors ............ i 0 
Kew Additional Buildings for 

Photoheliograph .........06. 100 0 6 
Thermo-electricity ............ LSC OS 20 
Analysis of Rocks 8 0 0 
EPROM Css teeter sigeenerest secs JO» (0.0 

£1608 3 10 
(Ree 
1864. 
Maintaining the Establish- 

ment at Kew Observatory.. 600 0 0 
(COaPHGSSI Site esessesacescs cere: 20 0 O 
Vertical Atmospheric. Move- 

TERE) poo qudecne: So ops SACO 20 0 0 
Dredging Shetland ............ 75 0 0 
Dredging Northumberland... 25 0 0 
Balloon Committee .......2.... 200 0 0 
Carbon under pressure ...... LOOP 
Standards of Hlectric Re- 

SISLAMCE s).tuepecseacepooicces ces 100 0 0 
Analysis of Rocks. ...ss0cccc-s TOT OF "0 
Hiv noida: i -seceeemeresse cose. ears 10 0 0 
mAskham's, Gility geaeeeeees.csseeces 50 0 0 
Nitrite of Amiyle vessciccssecses LO 0 O 
Nomenclature Committee ... 5 0 9 
Wain-Gaules\...cwecscssiee sees ce 19 15 8 
Cast-iron Investigation ...... 20 0 0 


Tidal Observations in the 
Humber 5 
Spectral Rays:....-.00cs-ssteveees 4 
2 


Luminous Meteors 


ooo 


£1289 15 : 


1865. 
Maintaining the LUstablish- 
ment at Kew Observatory.. 600 


Balloon Committee ............ 100 
TLV Or01d ais. ss.canceareevensevacelews 13 
Rain-2auges! vecvcseesessteeeeevee 30 
Tidal Observations in the © 
Humber sevnscesnccdecesctewvees 6 
Hexylic Compounds .........+.. 20 
Amyl Compounds ............-.. 20 
Trish Moral ics-scseseseweseensees 25 
American Mollusea ......-..... 3 
Organic Acids’ (2 \ues-cssueaers 20 
Lingula Flags Excavation ... 10 
Hurypterus ver-ssteess<neaaeeeees 50 
Electrical Standards............ 100 
Maita Caves Researches ...... 30 
Oyster Breeding .......4.:..02s 25 
Gibraltar Caves Researches... 150 
Kent’s Hole Exeavations...... 100 
Moon’s Surface Observations 35 
Marine Waunay” si centeetteee 25 
Dredging Aberdeenshire ...... 25 
Dredging Channel Islands ... 50 
Zoological Nomenelature...... 5 
Resistance of Floating Bodies 
In. Water tivecccoserssedecvestere 100 
Bath Waters Analysis ......-.. 8 
Luminous Meteors ......e0.00s 40 
£1591 
1866. 


Maintaining the Establish- 


ment at Kew Observatory.. 600 0 
Lunar Committee............... 64 13 
Balloon Committee ............ 50 0 
Metrical Committee............ 50 0 
British Raintall’ss..c-sesevsesses 50 0 
Kilkenny Coal Fields ......... 16 0 
Alum Bay Fossil Leaf-Bed ... 15 0 
Luminous Meteors ............ 50 0 
Lingula Flags Exeavation ... 20 0 
Chemical Constitution of 

Cast Tron ssc .sceveueeesseneee 50 0 
Amy! Compounds ............0 25 0 
Electrical Standards............ 100 0 
Malta Caves Exploration ...... 30 0 
Kent’s Hole Exploration ...... 200 0 
Marine Fauna, &e., Devon 

and Cornwall \.,...esesssseacee Z5. 0 
Dredging Aberdeenshire Coast 25 0 
Dredging Hebrides Coast ... 50 0 
Dredging the Mersey ......... 5 0 
Resistance of Floating Bodies 

an! Wabel.c.ccaceusceen eee 50 0 
Polycyanides of Organic Radi- 

CALS eavestonsacseperess Reodcceen oe ae 


s9So@ socoeooorSe 


nD igs a Ree — a] oD 


+ £ 
Rigor IVIOPHIS Tc. .sctseseerses saat LO 
Birish Annclida <.....c......-.00 15 
Catalogue of Crania............ 50 
Didine Birds of Mascarene 
MSPANGS 8 cow scliiwenvess.cceeescses 50, 
| Typical Crania Researches ... 30 
Palestine Exploration Fund... 100 
£1! 750 13 4 
‘ 1867. 
‘Maintaining the Establish- 
ment at Kew Observatory.. 600 
Meteorological Instruments, 
Palestine........ Braeare Maids als 50 
_ Lunar Committee ........ iPas este 120 
~ Metrical Committee ............ 30 
Kent’s Hole Explorations ... 100 
Palestine Explorations...... Yor) 
‘Insect Fauna, Palestine ...... 30 
Mepritish Rainfall..............00 ae 0) 
Kilkenny Coal Fields ....... i 25 
Alum Bay Fossil Leaf-bed ... 25 
Luminous Meteors ............ 50 
Bournemouth, &c., Leaf-beds 30 
Dredging Shetland ............ 75 
Steamship Reports Condensa- 
PSMA RIMM ES: s ciata'sc cna one ss's058 100 
Electrical Standards............ 100 
Ethyl and Methyl series ...... 26 
Fossil Crustacea ............00. 25 
’ Sound under Water ............ 24 
North Greenland Fauna ...... 75 
Do. Plant Beds 100 
on and Steel Manufacture... 25 
BALOU PIA WES, isse.sovdevesersces 30 
£1739 
| 1868. 
Maintaining the Hstablish- 
ment at Kew Observatory.. 600 
Tunar Committee ............... 120 
etrical Committee............ 60 
oological Record............. .. 100 
Kent’s Hole Explorations 150 
amship Performances ...... 100 
PUTES DOR AINTA 5 sccce.cenesees 50 
uminous Meteors saerecngtntlass 50 
meen nisin sarees he 60 
i Possil Bianca Rasecatceasaverac’ 25 
Methyl Series.......... eeceiourss 25 
Mercury and Bile ............... 25 
Organic Remains in Lime- 
BHOMG ROCKS: .....ccncccsceeses 25 
Scottish Earthquakes ...... ay el) 
Fauna, Devon and Cornwall.. 30 
British Fossil Corals ......... 50 
Bagshot Leaf-beds ............ 50 
Greenland Explorations ...... 100 
PIO NIGT A: ...csscavcaceossacvee 25 
é Tidal Observations ............ 100 
Underground Temperature... 50 
Spectroscopic Investigations 
5 


of Animal Substances ...... 


8. 


0 
0 
0 
0 
0 
0) 
3 
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GENERAL STATEMENT. 


xcix 
£8. ds 
Secondary Reptiles, &c. ...... 30 0 0 

British Marine Invertebrate 
Fauna, ..scaccoees OA eCREonO Cee sl 100 0 0 
£1940 0 0 

1869. 

Maintaining the Establish- 

ment at Kew Observatory... 600 0 0 
anmiany COMMUSC! eae vepne cence 9 50 0 O 
Metrical Committee............++- 2 OY 0) 
Zoological Record ..........-.4+5 100 0 0 
Committee on Gases in Deep- 

niall Weenie oceececnerocudcoe a 25 0 0 
British pina. <°¢.venesets re 50 0 0 
Thermal Conductivity of Iron, 

CECE cece eeist ss henadtecen cen 30° 0. 0 
Kent’s Hole Explorations...... 160 0 0 
Steamship Performances ...... 30 0 0 
Chemical Constitution of 

CaS ITOBE ec nccssscacceeccssoes 80 0 0 
Tron and Steel Manufacture 100 0 O 
IV eG SCLLGMs:ccencnerpom eres. qs° 30 0 0 
Organic Remains in Lime- 

SiOMeMO Csr dts as ec deere os 10 0 0 
Earthquakes in Scotland...... 10 0 0 
British Fossil Corals ......... BU OF O 
Bagshot Leaf-beds ............ 30 0 0 
MOSSHUMM IONE tsvencteasecogersaase Joy r0) 30 

| Tidal Observations ............ 100 0 0 
Underground Temperature... 30 0 0 
Spectroscopic Investigations 

of Animal Substances ...... Dy NO" 0 
Oreanic Acids soc. oesacqesacres TZ OO 
Kiltorean Hossils' ............+«: 20 0 0 
Chemical Constitution and 

Physiological Action Rela- 

LEMONS} ere Gocwioce saccoumb Meseee Lo 0470 
Mountain Limestone Fossils 25 0 0 
Utilisation of Sewage ......... 10> 0:40 
Products of Digestion ......... 10 0 0 

£1622 0 0 
1870. 
Maintaining the LEstablish- 

ment at Kew Observatory 600 0 0O 
Metrical Committee............ 25 0 0 
Zoological Record...........++4 100 0 0 
Committee on Marine Fauna 20 0 0O 
(WANS I HISMOS a.com mee snesees LOD 30:50 
Chemical Nature of Cast Iron 80 0 O 
Luminous Meteors ............ 30 0 9 
Heat in the Blood............... 15 0 0 
Briishu atta, oe terse caste eerie’ 100 0 0 
Thermal Conductivity of 

RONG R AG Ca feeteebtclen ae deere eleineis ee 20 0 0 
British Fossil Corals............ 50 0 O 
Kent’s Hole Explorations ... 150 0 0 
Scottish Earthquakes ......... 4 0 0 
Bagshot Leaf-beds ......... .» 15 0 0 
Fossil Flora ..........0+6 rece. eee RO, 
Tidal Observations .......... » 100 0 0 
Underground Temperature... 50 0 0 
Kiltorcan Quarries Fossils ... 20 0 0 


REPORT—1892, 


c 

: £ 3s. d. 
Mountain Limestone Fossils 25 0 0 
Utilisation of Sewage ........ > pO a0} 0 
Organic Chemical Compounds 30 0 0 
Onny River Sediment ......... pr OO 

Mechanical Equivalent of 
SIGE Ga eiconduoc sana: Cage econ 50 0 0 
£1572 0 0 

1871. 

Maintaining the Establish- 

ment at Kew Observatory 600 0 0 
Monthly Reports of Progress 

IC MEMUISECY .. seacnsdln sea ess 100 0 O 
Metrical Committee...........+ 25 0 0 
Zoological Record...........+++. 100 0 0 
Thermal Equivalents of the 

Oxides of Chlorine ......... 10 0 0 
Tidal Observations ............ 100 0 0 
OSST MOTs msesecsveresensssss 25 0 0 
Luminous Meteors ..........++ 30 0 0 
British Fossil Corals ......... 25 0 0 
Heat in the Blood.............. See gts 
British Rainfall, <. essccessessase 50 0 0 
Kent’s Hole Explorations ... 150 0 0 
Mossil Crustacea ...sscsscssese. 25° 0 0 
Methyl Compounds ............ 25 0 0 
seiritari Ob ECUS; =. .arererevsenese 20 0 O 
Fossil Coral Sections, for 

Photographing ............++. 20 0 0 
Bagshot Leaf-beds .........+4 20 0 0 
Moab Explorations ............ 100 0 0 
Gaussian Constants ...........- 40 0 0 

£1472 2 6 
1872. 
Maintaining the Establish- 

ment at Kew Observatory 300 0 0 
Metrical Committee............ ib 100 
Zoological Record............-.. 100 0 0 
Tidal Committee ............... 200 0 0 
Carboniferous Corals ......... 25 0? 0 
Organic Chemical Compounds 25 0 0 
Exploration of Moab............ 100 0 0 
Terato-embryological Inqui- 

IWIGSL 0 = APRS Ee SO ee ny eee eae 10'7*0) 20 
Kent’s Cavern Exploration.. 100 0 0 
Luminous Meteors ............ 200% 10 
Heat in the Blood............... 15 0 0 
Fossil Crustacea ............... 25 x0' 0 
Fossil Elephants of Malta ... 25 0 0 
rman OO(EChS ..weticccses scons 20 0. 0 
Inverse Wave-lengths......... 20 04 0 
British Rampal sy... aseiees 100 0 0 
Poisonous Substances Antago- 

NHS es. ree essnckin tees Sess vacce 10 0 0 
Essential Oils, Chemical Con- 

SUULUUION CoCr nese de cmos cece: 40 0 0 
Mathematical Tables ......... 50 0 O 
Thermal Conductivity of Me- 

(ONES Sar iintcas reaehcs Sheesh 25 0 0 

£1285 0 0 


| 
| 


£ -8. @& 
1873, 

Zoological Record....--.--.... 100 0 
Chemistry Record......--....... 200 0 
Tidal Committee .......-... «. 400 0 
Sewage Committee ......... vee LODO 
Kent’s Cavern Exploration... 150 0 
Carboniferous Corals ...... on 20.70 
Fossil Elephants .........++.-+. 25 0 
Wave-lengths .......... gesnvess LOO 20 
British Rainfall ssceseen sence. 100 0 
Essential Oils........ SEO CS Pe lt, 
Mathematical Tables ......... 100 0 
Gaussian Constants ......... ave LOARO 
Sub-Wealden Explorations... 25 0 
Underground Temperature... 150° 0 
Settle Cave Exploration ..... ~?) 6010 
Fossil Flora, Ireland........-.-. 20 0 
Timber Denudation and Rain- 

fall co ccssavereser ceeeanbeweeeees 20 0 

Luminous Meteors............+++ 30. (0 
£1685 0 
1874. 
Zoological Record......... seave LOOUAO 
Chemistry Record........... roe 00 men 8 
Mathematical Tables ..... ones LOOREC: 
Elliptic Functions............ ges LOO. 10 
Lightning Conduetors......... 10 0 
Thermal Conductivity of 

ROCKS 5.5cisecccessucsndeeereeee 10 0 
Anthropological Instructions, 

GO. Miscarstecssteoeteeeesbeameee 50 0 
Kent’s Cavern Exploration... 150 0 
Luminous Meteors ........... = “80nn0 
Intestinal Secretions ........ ari Alb VAG 
British Raintall.......ssssssseese 100 0 
Hssential OWs)......s0.000caseues Ome 
Sub- Wealden Explorations... 25 0 
Settle Cave Exploration ...... 50 0 
Mauritius Meteorological Re- 

SCATCH |... Jsensarasensesoren eee 100 0 
Magnetisation of Iron ......... 20 0 
Marine OrganismS.............+ 30 0 
Fossils, North-West of Scot- 

lam icescys seat inne eee 210 
Physiological Action of Light 20 0 
Trades Unions j7s.---5:0seeteeee 25 0 
Mountain Limestone-corals 25 0 
Erratic Blocks) \c.csse..ss-seneee 10 0 
Dredging, Durham and York- 

shire Coasts: .sissasscnacnevees 28 5 
High Temperature of Bodies 30 °0 
Siemens’s Pyrometer ......... 3 6 
Labyrinthodonts of Coal- 

MCASUTES, . .seaa. sna -s rdw aneeets 7 15 

£1151 16 

1875. 
Elliptic Functions ..........+. 100 0 
Magnetisation of Iron ......... 20 0 
British Rainfall ............ tween ZOO) 
Tuminous Meteors ..........0 30. 0 
Chemistry Record..... isoettswea MUUO IEG 


bat 


2a" 


S99 esoessesceosoosesesooso 
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GENERAL 
ay er on ae 
Specific Volume of Liquids... 25 0 0 
Estimation of Potash and 
Phosphoric Acid..........0000+ 10 0 O 
Isometric Cresols ............0+ 20 0 0 
Sub-Wealden Explorations... 100 0 0 
_ Kent’s Cavern Exploration... 100 0 0 
_ Settle Cave Exploration ...... 50 0 0 
_ Earthquakes in Scotland...... 15 0 0 
Underground Waters ......... 10 0 O 
é Development of Myxinoid 
Be WISHES .......ccceccecccesecsccee 20 0 0 
7 Zoological Record..........-.++ 100 0 0 
Instructions for Travellers... 20 0 0 
fi Intestinal Secretions ......... 20 0 0 
_ Palestine Exploration ......... 100 0 0 
' £960 0 0 
| 1876. 
_ Printing MathematicalTables 159 4 2 
’ British Rainfall..........-...... 100 0 O 
Be OhM’S LaW.......2.0eceecereeeeees 915 0 
_ Tide Calculating Machine ... 200 0 0 
_ Specific Volume of Liquids... 25 0 0 
_ Tsomeric Cresols .........+0+0+. 10 0 0 
_ Action of Ethyl Bromobuty- 
_ rate on Ethyl Sodaceto- 
BD ACLALEC.........ccececssecerseeees 5 0 0 
Estimation of Potash and 
Phosphoric Acid............4++ 13 0 0 
} Exploration of Victoria Cave, 
Settle ........ceccdescccecseeees 100 0 0 
Geological Record............+++ 100 0 0 
- Kent’s Cavern Exploration... 100 0 0 
‘Thermal Conductivities of 
PRC KA Merc cescclelececaruvannssasace 10 0 0 
Underground Waters ......... 10 0 0 
Earthquakes in Scotland...... 110 0 
Zoological Record...........+++ 100 0 0 
TIOSE UDINE <2... cc cscceceroeseces 5 0 0 
Physiological ActionofSound 25 0 0 
Zoological Station......... -anddic 75 0 O 
Intestinal Secretions ......... 15 0 0 
Physical Characters of Inha- 
bitants of British Isles...... 13 15 0 
Measuring Speed of Ships ... 10 0 0 
Effect of Propeller on turning 
of Steam-vessels ...........- 5 0 0 
; £1092 4 2 
1877. 
Liquid Carbonic Acids in 
IMIG TANS! 2d. 2,acacqesee tease cte 20 0 0 
Elliptic Functions ............ 250 0 0 
Thermal Conductivity of 
OS Me a acidanatdeaigatssaaencsae Selily eat 
Zoological Record............+ 100 0 0 
Mee y1S) CAVE _...syaceresncasace 100 0 O 
Zoologica) Station at Naples 75 0 0 
Luminous Meteors ............ 302.0) <0 
Elasticity of Wires ........... - 100 0 O 
Dipterocarpe, Report on... .. 20 0 0 


STATEMENT. cl 
£ 8. as 
Mechanical Equivalent of 

(HG aitss-- maine sconces scetores-asse 35 0 0 
Double Compounds of Cobalt 

and Nickel ...........0:e+see0. 8 0 0 
Underground Temperatures 50 0 0 
Settle Cave Exploration ...... 100 0 0 
Underground Waters in New 

Red Sandstone ..........--+++ 10 0 0 
Action of Ethyl Bromobuty- 

rate on Ethyl Sodaceto- 

ACETATE .....ssseceerereneeecees 10 0 0 
British Earthworks ..........+. 25 0 0 
Atmospheric Elasticity in 

MGA Reressesntaenesdesacecenews 15 0 0 
Development of Light from 

Coal-2as ....ccccsccscecsseeneees 20 0 0 
Estimation of Potash and 

Phosphoric Acid.........++++++ 118 0 
Geological Record...........+++ 100 0 0 
Anthropometric Committee 34 0 0 
Physiological Action of Phos- 

phoric Acid, KC....seseeseeeees 15 0 0 

£1128 9 7 
1878. 
Exploration of Settle Caves 100 0 0 
Geological Record..........0+.+. 100 0 0 
Investigation of Pulse Pheno- 

mena by means of Syphon 

ReCOrder ....2....ccccececseensce 10 0 O 
Zoological Station at Naples 75 0 0 
Investigation of Underground 

Waters... ...ccccccccsssscsccnsees 15 0 0 
Transmission of Electrical 

Impulses through Nerve 

SiVUCtUTC.. .cocecccecacessensees 30 0 0 
Calculation of Factor Table 

for 4th Million ............... 100 0 0 
Anthropometric Committee... 66 0 0 
Chemical Composition and 

Structure of less-known 

Alkaloids.......,.000 sescccescee 25 0 0 
Exploration of Kent’s Cavern 50 0 0 
Zoological Record .......--..++. 100 0 0 
Fermanagh CavesExploration 15 0 0 
Thermal Conductivity of 

ROCKS, creccaaesseeseonacseacinems 416 6 
Luminous Meteors...........+++. 10 0 O 
Ancient Earthworks ............ 25 0 0 

£725 16 6 
1879. 
Table at the Zoological 

Station, Naples~.....:.5..0-=-- 7 0 0 
Miocene Flora of the Basalt 

of the North of Ireland 20 0 0 
Illustrations for a Monograph 

on the Mammoth ............ 17 0 9 
Record of Zoological Litera- 

GUGM ae cteamcgestecscs-scereasneer 100 0 0 
Composition and Structure of 

| less-known Alkaloids ...... 25 0 U 


cil: 


Exploration of 
Borneo 
Kent’s Cavern Exploration ... 
Record of the Progress of 
Geology 
Fermanagh Caves Exploration 
Electrolysis of Metallic Solu- 
tions and Solutions of 
Compound Salts............0+ 
Anthropometric Committee... 
Natural History of Socotra... 
Calculation of Factor Tables 
for 5th and 6th Millions ... 
Circulation of Underground 


errr ee eee 


Steering of Screw Steamers... 


Improvements in Astrono- 
milcall CLOCKS scitessssnyerersore 
Marine Zoology of South 
WEVOUNcsnsesesnsecastwoveese ves 
Determination of Mechanical 
Equivalent of Heat ......... 
Specific Inductive Capacity 
of Sprengel Vacuum......... 
Tables of Sun-heat Co- 
PIICICNUS cv decsvardesreseanccess > 


Datum Level of the Ordnance 
Surve 
Tables of Fundamental In- 
variants of Algebraic Forms 
Atmospheric Electricity Ob- 
servations in Madeira 
Instrument for Detecting 
Fire-damp in Mines 
Instruments for Measuring 
the Speed of Ships 
Tidal Observations 
English Channel 


in the 


eee eeeweeee 


REPORT— 1892. 


Sore: ids 
50 0 0 
100 0 0 
100 0 O 
5 0 0 


or 
i=) 
f=) o oo eas oh — i} 


10 
10 
30 
20 
12 15 
40 0 
30 0 
10:0 
36 14 
15 06 
22 0 
Liat 
10 0 


oC fee) Oo So Li~) ag far a 7) o o oo o oo¢ 


£1080 11 11 


1880. 
New Form of High Insulation 
Ke 
Underground Temperature ... 
Determination of the Me- 
chanical Equivalent of 
GH bem emcccesswcases saps .iveceg 
Elasticity of Wires 
Luminous Meteors 
Lunar Disturbance of Gravity 
Fundamental Invariants ...... 
Laws of Water Friction 
Specific Inductive Capacity 
of Sprengel Vacuum......... 
Completion of Tables of Sun- 
heat Coefficients 
Instrument for Detection of 
Fire-damp in Mines ......... 
Inductive Capacity of Crystals 
and Paraffines 
Report on Carboniferous 
ROLY ZO lecosy opto sntvere Sponckes 


Sere e eee ete e teem ese eeeneweeee 


eee eeeeneee 


eer rerrrrry 


tee eeecesene 


senna eeeeseses 


10 0 
10 0 

Siro, 
50 0 
30 0 
30 0 

8 5 
20 0 
20 0 
50 0 
10 0 

417 
10 0 


elo oS oococoooroocoeso 


£ 8) aa 
Caves of South Ireland ...... 10 0 
Viviparous Nature of Ichthyo- 

SAULUS' s.-ccemges A hee poe seseenie 10 0 0 
Kent’s Cavern Exploration... 50 0 0 
Geological Record...........-.++ 100 0 0° 
Miocene Flora of the Basalt 

of North Ireland ............ 145 0 0 
Underground Waters of Per- : 

mian Formations ............ 5 0 O08 
Record of Zoological Litera- 

LUT Clee. -cancencteescassteueeners 100 0 0 
Table at Zoological Station 

ati Naples .:sc.5.stacosmeceupare 150 
Investigation of the Geology 

and Zoology of Mexico...... 50 0 0 
Anthropometry ........0s.ss00e. 50-0 OM 
Patent Laws ..c.pevsssepeleotenme 5 10-38 

BT3L 7 ae 
1881. 

Lunar Disturbanee of Gravity 30 0 
Underground Temperature... 20 0 
Electrical Standards........ ... 25 0 
High Insulation Key............ 5 0 
Tidal Observations ............ 10 0 
Specific Refractions ............ 7 3 
Hossil Lolyzoe "s.c.vcccusceoke Pee tee Me) 
Underground Waters ......... 10 0 
Earthquakes in Japan ......... 25 0 
Tertiary lOve i iicesscsesseseeee 20 0 
Scottish Zoological Station... 50 0 
Naples Zoological Station 75 0 
Natural History of Socotra... 50 0 
Anthropological Notes and 

QUETICS Jccssccecenpacsveussenen 9 0 
Zoological Record...........++4+ 100 0 
Weights and Heights of 

Human Beings ,.............. 30 0 

£476 3 
1882. 
Exploration of Central Africa 100 0 0 
Fundamental Invariants of 

Algebraical Forms ....,.... 76. DAS 
Standards for Electrical 

Measurements: .:..0...sessaes 100 0 O 
Calibration of Mercurial Ther- 

MOMECbEOTS® sccsccceveluoucssstae 20 0 0 
Wave-length Tables of Spee- 

tra of Elements.............6+ 50 0 0 
Photographing  Ultra-violet 

Spark Spectra .......0..s060. 25 0-0 
Geological Record......00+...00+ 100 0 O 
Earthquake Phenomena of 

JAPAN «sa scuvsusarcntsacseeeeneee 25 0 0 
Conversion of Sedimentary 

Materials into Metamorphic 

ROCKS: oss scaesossdeteandeeceen 107.010 
Fossil Plants of Halifax ...... 15 0 0 
Geological Map of Europe ... 25 0 0 
Circulation of Underground 

Watersc..isrcerscertsenanenneee 15 00 


i £ 8. d. 
Tertiary Flora of North of 
© Treland  ....cesseceseecseeeeeeee 20 0 0 
) British Polyzoa ..........+....+++ 10 0 0 
” Exploration of Caves of South 
Gap lreland) ,.....0+cencssssesss 10 0 0 
Exploration of Raygill Fis- 
BPISUTC (ne... scccnsccessceessccecece 20 0 0 
’ Naples Zoological Station ... 80 UV 0 
“Albuminoid Substances of 
STU so... pc.0s0sececeneceeeoene 10 0 0 
Elimination of Nitrogen by 
Bodily HExercise.......0...+++ 50 0 0 
Migration of Birds ............ 15 90 0 
Natural History of Socotra... 100 0 0 
Natural HistoryofTimor-laut 100 0 0 
Record of Zoological Litera- 
Rr eedenseaeincdeisessisities 100 0 0 
Anthropometric Committee... 50 0 0 
£1126 1 11 
1883. 
‘Meteorological Observations 
on Ben Nevis .........se0cese0e 50 0 O 
Isomeric Naphthalene Deri- 
VALIVES...c..02. 0005 Ecoet SBREBOERS 15 0 0 
Phenomena of 
+ o4 eGaneher Bogecueebenoeee 50 0 0 
ossil Plants of Halifax...... 20,0 0 
British Fossil Polyzoa ......... 100050 
Fossil Phyllopoda. of Palzo- 
ZOIC ROCKS ...cssccceesenosseese 25 0 0 
rosion of Sea-coast of Eng- 
_ land and Wales........-...... 10 0 0 
Circulation of Underground 
IWEIDETS. oc waensenwvveroccee¥seses 15 0 0 
Geological Record 50 0 0 
Exploration of Caves in South 
BOF ATElAN 2... .coesveweceeenee 10 0 0 
Zoological Literature Record 100 0 0 
Migration of Birds ............ 20 0 0 
Zoological Station at Naples 80 0 0 
Scottish Zoological Station... 25 0 0 
limination of Nitrogen by 
_ Bodily Exercise............+0« 58 3 3 
Exploration-of Mount Kili- 
PPMAR-DATO......0cececsssesseess . 500 0 0 
Investigation of Loughton 
SU ATV Erase vosccedsveccecscaccesse 0 0 
Natural History of Timor-laut 50 0 0 
Screw Gauges..........e..e0e dense LOU OO 
£1083 3 3 
1884. 
Meteorological Observations 
Bron Ben Nevis .......0.......c0. 50 0 0 
Collecting and Investigating 
_ Meteoric Dust...............+++ 0 0 
Meteorological Observatory at 
BROHEPStOW........----seccecceeees 25 0 0 
Tidal Observations............++ 10 0 O 
tra-Violet Spark Spectra... 8 4 O 


GENERAL STATEMENT. 


} £ 
Earthquake Phenomena of 
JAPAD .caeeccssceceeseeeeceterene 75 
Fossil Plants of Halifax ...... 15 
Fossil Polyz0a........:sseseeseeees 10 
Erratic Blocks of England ... 10 
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General Meetings. 


On Wednesday, August 3, at 8 p.m., in the Synod Hall, Dr. W. 
Huggins, F.R.S., Hon. F.R.S.E., F.R.A.S., resigned the office of Presi- 
dent to Sir Archibald Geikie, LL.D., D.Sc., For.Sec.R.S., F.R.S.E., 
.G.S., who took the Chair, and delivered an Address, for which see 
page 3. 

On Thursday, August 4, at 8 p.m, a Soirée took place at the 
‘Museum of Science and Art. 

On Friday, August 5, at 8.30 p.m., in the Synod Hall, Professor A. 
Milnes Marshall, M.A., M.D., F.R.S , delivered a discourse on ‘Pedigrees.’ 
- On Monday, August 8, at 8.30 P.M. in the Synod Hall, Professor 
J. A. Ewing, M.A., F.RB.S., delivered a discourse on ‘ Magnetic Induction.’ 
On Tuesday, August 9, at 8 p.m., a Soirée took place at the Music 
Hall. 

On Wednesday, August 10, at 2.30 p.m., in the Upper Library Hall, 
University (Old Buildings), the concluding General Meeting took place, 
when the Proceedings of the General Committee and the Grants of Money 
for Scientific Purposes were explained to the Members. 

The Meeting was then adjourned to Nottingham. [The Meeting is 
appointed to commence on Wednesday, September 13, 1893. ] 
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ADDRESS 


BY 


BLR ARCAIBAI DIG RIK LE, 


LL.D., D.Sc, For.Sec.R.S., F.R.S.E., F.G.S., Director-General of the 
Geological Survey of the United Kingdom, 


PRESIDENT. 


In its beneficent progress through these islands the British Association 
for the Advancement of Science now for the fourth time receives a 
welcome in this ancient capital. Once again, under the shadow of these 
antique towers, crowded memories of a romantic past fill our thoughts. 
The stormy annals of Scotland seem to move in procession before our eyes 
as we walk these streets, whose names and traditions have been made 
familiar to the civilised world by the genius of literature. At every turn, 
too, we are reminded, by the monuments which a grateful city has 
erected, that for many generations the pursuits which we are now 
assembled to foster have had here their congenial home. Literature, 
philosophy, science, have each in turn been guided by the influence of 
the great masters who have lived here, and whose renown is the 
rightest gem in the chaplet around the brow of this ‘Queen of the 
Yorth,’ 

2 Lingering for a moment over these local associations, we shall find a 
peculiar appropriateness in the time of this renewed visit of the Asso- 
ciation to Hdinburgh. A hundred years ago a remarkable group of men 
was discussing here the great problem of the history of the earth. 
James Hutton, after many years of travel and reflection, had communi- 
B2 
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cated to the Royal Society of this city, in the year 1785, the first outlines 
of his famous ‘ Theory of the Earth.’ Among those with whom he took 
counsel in the elaboration of his doctrines were Black, the illustrious dis- 
coverer of ‘ fixed air’ and ‘latent heat’; Clerk, the sagacious inventor of 
the system of breaking the enemy’s line in naval tactics; Hall, whose fer- 
tile ingenuity devised the first system of experiments in illustration of the 
structure and origin of rocks; and Playfair, through whose sympathetic 
enthusiasm and literary skill Hutton’s views came ultimately to be 
understood and appreciated by the world at large. With these friends, 
so well able to comprehend and criticise his efforts to pierce the veil that 
shrouded the history of this globe, he paced the streets amid which we 
are now gathered together; with them he sought the crags and ravines 
around us, wherein Nature has laid open so many impressive records of 
her past; with them he sallied forth on those memorable expeditions to 
distant parts of Scotland, whence he returned laden with treasures from 
a field of observation which, though now so familiar, was then almost 
untrodden. ‘The centenary of Hutton’s ‘Theory of the Earth’ is an 
event in the annals of science which seems most fittingly celebrated by a 
meeting of the British Association in Edinburgh. 

In choosing from among the many subjects which might properly 
engage your attention on the present occasion, I have thought that it 
would not be inappropriate nor uninteresting to consider the more salient 
features of that ‘Theory,’ and to mark how much in certain departments 
of inquiry has sprung from the fruitful teaching of its author and his 
associates. 


It was a fundamental doctrine of Hutton and his school that this 
globe has not always worn the aspect which it bears at present; that, on 
the contrary, proofs may everywhere be culled that the land which we 
now see has been formed out of the wreck of an older land. Among 
these proofs, the most obvious are supplied by some of the more familiar 
kinds of rock, which teach us that, though they are now portions of the 
dry land, they were originally sheets of gravel, sand, and mud, which had 
been worn from the face of long-vanished continents, and after being 
spread out over the floor of the sea were consolidated into compact stone, 
and were finally broken up and raised once more to form part of the dry 
land. This cycle of change involved two great systems of natural 
processes. -On the one hand, men were taught that by the action of 
running water the materials of the solid land are in a state of continual 
decay and traasport to the ocean. On the other hand, the ocean-floor is 
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liable from time to time to be upheaved by some stupendous internal 
force akin to that which gives rise to the voleano and the earthquake. 
Hutton further perceived that not only had the consolidated materials 


been disrupted and elevated, but that masses of molten rock had been 


thrust upward among them, and had cooled and crystallised ,in large 
bodies of granite and other eruptive rocks which form so prominent a 
feature on the earth’s surface. 

It was a special characteristic of this philosophical system that it 
sought in the changes now in progress on the earth’s surface an explana- 
tion of those which occurred in older times. Its founder refused to 
invent causes or modes of operation, for those with which he was familiar 
seemed to him adequate to solve the problems with which he attempted 
to deal. Nowhere was the profoundness of his insight more astonishing 
than in the clear, definite way in which he proclaimed and reiterated his 
doctrine, that every part of the surface of the continents, from mountain- 
top to sea-shore, is continually undergoing decay, and is thus slowly 
travelling to the sea. He saw that no sooner will the sea-floor be 
elevated into new land than it must necessarily become a prey to this 
universal and unceasing degradation. He perceived that, as the transport 
of disintegrated material is carried on chiefly by running water, rivers 
must slowly dig out for themselves the channels in which they flow, and 
thus that a system of valleys, radiating from the water-parting of a 
country, must necessarily result from the descent of the streams from the 
mountain crests to the sea. He discerned that this ceaseless and. wide- 
spread decay would eventually lead to the entire demolition of the dry 
land, but he contended that from time to time this catastrophe is pre- 
vented by the operation of the underground forces, whereby new 
continents are upheaved from the bed of the ocean, And thus in his 
system a due proportion is maintained between land and water, and the 
condition of the earth as a habitable globe is preserved. 

A theory of the earth so simple in outline, so bold in conception, so 
fall of suggestion, and resting on so broad a base of observation and 
reflection, ought, we might think, to have commanded at once the atten- 
tion of men of science, even if it did not immediately awaken the interest 
of the outside world; but, as Playfair sorrowfully admitted, it attracted 
notice only very slowly, and several years elapsed before anyone showed 
himself publicly concerned about it, either as an enemy or a friend. 
Some of its earliest critics assailed it for what they asserted to be its 
irreligious tendency—an accusation which Hutton repudiated with much 
warmth. The sneer levelled by Cowper a few years earlier at all inquiries 
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into the history of the universe was perfectly natural and intelligible — 
from that poet’s point of view. There was then a widespread belief that 
this world came into existence some six thousand years ago, and that any 
attempt greatly to increase that antiquity was meant as a blow to the 
authority of Holy Writ. So far, however, from aiming atthe overthrow of 
orthodox beliefs, Hutton evidently regarded his ‘ Theory’ as an important 
contribution in aid of natural religion. He dwelt with unfeigned pleasure 
on the multitude of proofs which he was able to accumulate of an orderly 
design in the operations of nature, decay and renovation being so nicely 
balanced as to maintain the habitable condition of the planet. But as he 
refused to admit the predominance of violent action in terrestrial changes, 
and on the contrary contended for the efficacy of the quiet, continuous 
processes which we can even now see at work around us, he was con- 
strained to require an unlimited duration of past time for the production 
of those revolutions of which he perceived such clear and abundant 
proofs in the crust of the earth. The general public, however, failed to 
comprehend that the doctrine of the high antiquity of the globe was not 
inconsistent with the comparatively recent appearance of man—a distinc- 
tion which seems so obvious now. 

Hutton died in 1797, beloved and regretted by the circle of friends 
who had learnt to appreciate his estimable character and to admire his 
genius, but with little recognition from the world at large. Men knew 
not then that a great master had passed away from their midst, who had 
laid broad and deep the foundations of a new science; that his name 
would become a household word in after generations, and that pilgrims 
would come from distant lands to visit the scenes from which he drew his 
inspiration. 

Many years might have elapsed before Hutton’s teaching met with 
wide acceptance, had its recognition depended solely on the writings of 
the philosopher himself. For, despite his firm grasp of general principles 
and his mastery of the minutest details, he had acquired a literary style 
which, it must be admitted, was singularly unattractive. Fortunately 
for his fame, as well as for the cause of science, his devoted friend and 
disciple, Playfair, at once set himself to draw up an exposition of Hutton’s 
views. After five years of labour on this task there appeared the classic 
‘Illustrations of the Huttonian Theory,’ a work which for luminous 
treatment and graceful diction stands still without a rival in English 
geological literature. Though professing merely to set forth his friend’s 
doctrines, Playfair’s treatise was in many respects an original contribu- 
tion to science of the highest value. It placed for the first, time in the 
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clearest light the whole philosophy of Hutton regarding the history of 
the earth, and enforced it with a wealth of reasoning and copiousness 
of illustration which obtained for it a wide appreciation. From long 
converse with Hutton, and from profound reflection himself, Playfair 
gained such a comprehension of the whole subject that, discarding the 
non-essential parts of his master’s teaching, he was able to give so lucid 
and accurate an exposition of the general scheme of Nature’s operations 
on the surface of the globe, that with only slight corrections and expan- 
sions his treatise may serve as a text-book to-day. In some respects, 
indeed, his volume was long in advance of its time. Only, for example, 
within the present generation has the truth of his teaching in regard to 
the origin of valleys been generally admitted. 

Various causes contributed to retard the progress of the Huttonian 
doctrines. Especially potent was the influence of the teaching of Werner, 
who, though he perceived that a definite order of sequence could be 
recognised among the materials of the earth’s crust, had formed singularly 
narrow conceptions of the great processes whereby that crust has been 
built up. His enthusiasm, however, fired his disciples with the zeal of 
proselytes, and they spread themselves over Europe to preach everywhere 
the artificial system which they had learnt in Saxony. By a curious fate 
Edinburgh became one of the great headquarters of Wernerism. The 
friends and followers of Hutton found themselves attacked in their own 
city by zealots who, proud of superior mineralogical acquirements, turned 
their most cherished ideas upside down and assailed them in the uncouth 
jargon of Freiberg. Inasmuch as subterranean heat had been invoked 
by Hutton as a force largely instrumental in consolidating and upheaving 
the ancient sediments that now form so great a part of the dry land, his 
followers were nicknamed Plutonists. On the other hand, as the agency 
of water was almost alone admitted by Werner, who believed the rocks 
of the earth’s crust to have been chiefly chemical precipitates from a 
primeval universal ocean, those who adopted his views received the 
equally descriptive name of Neptunists. The battle of these two con- 
tending schools raged fiercely here for some years, and though mainly 
from the youth, zeal, and energy of Jameson, and the influence which his 
position as Professor in the University gave him, the Wernerian doctrines 
continued to hold their place, they were eventually abandoned even by 
Jameson himself, and the debt due to the memory of Hutton and 
Playfair was tardily acknowledged. 

The pursuits and the quarrels of philosophers have from early times 
been a favourite subject of merriment to the outside world. Such a feud 
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as that between the Plutonists and Neptunists would be sure to furnish 
abundant matter for the gratification of this propensity. Turning over 
the pages of Kay’s ‘ Portraits,’ where so much that was distinctive of 
Edinburgh society a hundred years ago is embalmed, we find Hutton’s 
personal peculiarities and pursuits touched off in good-humoured carica- 
ture. In one plate he stands with arms folded and hammer in hand, 
meditating on the face of a cliff, from which rocky prominences in shape 
of human faces, perhaps grotesque likenesses of his scientific opponents, 
grin at him. In another engraving he sits in conclave with his friend 
Black, possibly arranging for that famous banquet of garden-snails which 
the two worthies had persuaded themselves to look upon as a strangely 
neglected form of human food. More than a generation later, when the 
Huttonists and Wernerists were at the height of their antagonism, the 
humorous side of the controversy did not escape the notice of the author 
of ‘Waverley,’ who, you will remember, when he makes Meg Dods 
recount the various kinds of wise folk brought by Lady Penelope Pen- 
feather from Edinburgh to St. Ronan’s Well, does not forget to include 
those who ‘rin uphill and down dale, knapping the chucky-stanes to 
pieces wi’ hammers, like sae mony road-makers run daft, to see how the 
warld was made.’ 

Among the names of the friends and followers of Hutton there is one 
which on this occasion deserves to be held in especial honour, that of Sir 
James Hall, of Dunglass. Having accompanied Hutton in some of his 
excursions, and having discussed with him the problems presented by the 
rocks of Scotland, Hall was familiar with the views of his master, and 
was able to supply him with fresh illustrations of them from different 
parts of the country. Gifted with remarkable originality and ingenuity, 
he soon perceived that some of the questions involved in the theory of 
the earth could probably be solved by direct physical experiment. Hutton, 
however, mistrusted any attempt ‘to judge of the great operations of 
Nature by merely kindling a fire and looking into the bottom of a little 
crucible.’ Out of deference to this prejudice Hall delayed to carry out 
his intention during Hutton’s lifetime. But afterwards he instituted a 
remarkable series of researches which are memorable in the history of 
science as the first methodical endeavour to test the value of geological 
speculation by an appeal to actual experiment. The Neptunists, in 
ridiculing the Huttonian doctrine that basalt and similar rocks had once 
been molten, asserted that, had such been their origin, these masses would 
now be found in the condition of glass or slag. Hall, however, triumph- 
antly vindicated his friend’s view by proving that basalt could be fused, 
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and thereafter by slow cooling could be made to resume a stony texture. 
Again, Hutton had asserted that under the vast pressures which must be 
effective deep within the earth’s crust, chemical reactions must be power- 
fully influenced, and that under such conditions even limestone may 
conceivably be melted without losing its carbonic acid. Various specious 
arguments had been adduced against this proposition, but by an ingeni- 
ously devised series of experiments Hall succeeded in converting lime- 
stone under great pressure into a kind of marble, and even fused it, and 
found that it then acted vigorously on other rocks. These admirable 
researches, which laid the foundations of experimental geology, constitute 
not the least memorable of the services rendered by the Huttonian school 
to the progress of science. 

Clear as was the insight and sagacious the inferences of these great. 
masters in regard to the history of the globe, their vision was necessarily 
limited by the comparatively narrow range of ascertained fact which up 
to their time had been established. They taught men to recognise that 


; the present world is built of the ruins of an earlier one, and they 


explained with admirable ‘perspicacity the operation of the processes 
whereby the degradation and renovation of land are brought about. But 
they never dreamed that a long and orderly series of such successive 
destructions and renewals had taken place, and had left their records in 
the crust of the earth. They never imagined that from these records 
it would be possible to establish a determinate chronology that could be 
read everywhere, and applied to the elucidation of the remotest quarter of 
the globe. It was by the memorable observations and generalisations of 
William Smith that this vast extension of our knowledge of the past 
history of the earth became possible. While the Scottish philosophers. 
were building up their theory here, Smith was quietly ascertaining by 
extended journeys that the stratified rocks of the West of England occur 
in a definite sequence, and that each well-marked group of them can be 
discriminated from the others and identified across the country by means 
of its enclosed organic remains. It is nearly a hundred years since he 


‘made known his views, so that by a curious coincidence we may fitly 
celebrate on this occasion the centenary of William Smith as well as that 


of James Hutton. No single discovery has ever had a more momentous 


‘and far-reaching influence on the progress of a science than that law of 


organic succession which Smith established. At first it served merely 
to determine the order of the stratified rocks of England. But it soon 


‘proved to possess a world-wide value, for it was found to furnish the key 
to the structure of the whole stratified crust of the earth. It showed that. 
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within that crust lie the chronicles of a long history of plant and animal 
life upon this planet, it supplied the means of arranging the materials for 
this history in true chronological sequence, and it thus opened out a mag- 
nificent vista through a vast series of ages, each marked by its own dis- 
tinctive types of organic life, which, in proportion to their antiquity, 
departed more and more from the aspect of the living world. 

Thus a hundred years ago, by the brilliant theory of Hutton and the 
fruitful generalisation of Smith, the study of the earth received in our 
country the impetus which has given birth to the modern science of 
geology. 

To review the marvellous progress which this science has made during 
the first century of its existence would require not one but many hours 
for adequate treatment. The march of discovery has advanced along a 
multitude of different paths, and the domains of Nature which have been 
included within the growing territories of human knowledge have been 
many and ample. Nevertheless, there are certain departments of investi- 
gation to which we may profitably restrict our attention on the present 
occasion, and wherein we may see how the leading principles that were 
proclaimed in this city a hundred years ago have germinated and borne 
fruit all over the world. 

From the earliest times the natural features of the earth’s surface 
have arrested the attention of mankind. The rugged mountain, the cleft 


ravine, the scarped cliff, the solitary boulder, have stimulated curiosity — 


and prompted many a speculation as to their origin. The shells embedded 
by millions in the solid rocks of hills far removed from the sea have still 
further pressed home these ‘ obstinate questionings.’ But for many long 
centuries the advance of inquiry into such matters was arrested by the 
paramount influence of orthodox theology. It was not merely that the 


Church opposed itself to the simple and obvious interpretation of these — 


natural phenomena. So implicit had faith become in the accepted views 
of the earth’s age and of the history of creation, that even laymen of in- 
telligence and learning set themselves unbidden and in perfect good faith 
to explain away the difficulties which Nature so persistently raised up, 
and to reconcile her teachings with those of the theologians. In the 
various theories thus originating, the amount of knowledge of natural 
law usually stood in inverse ratio to the share played in them by an 
uncontrolled imagination. The speculations, for example, of Burnet, 
Whiston, Whitehurst, and others in this country, cannot be read now 
without a smile. In no sense were they scientific researches; they can 
only be looked upon as exercitations of learned ignorance. Springing 
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mainly out of a laudable desire to promote what was believed to be the 
cause of true religion, they helped to retard inquiry, and exercised in that 
respect a baneful influence on intellectual progress. 

° It is the special glory of the Edinburgh school of geology to have 
cast aside all this fanciful trifling. Hutton boldly proclaimed that it was 
no part of his philosophy to account for the beginning of things. His 
~ concern lay only with the evidence furnished by the earth itself as to its 
4 origin. With the intuition of true genius he early perceived that the 
_ only solid basis from which to explore what has taken place in bygone 
- time is a knowledge of what is taking place to-day. He thus founded 


his system upon a careful study of the processes whereby geological 
changes are now brought about. He felt assured that Nature must be 
consistent and uniform in her working, and that only in proportion as 
her operations at the present time are watched and understood will the 
ancient history of the earth become intelligible. Thus, in his hands, the 
investigation of the Present became the key to the interpretation of the 
Past. The establishment of this great truth was the first step towards 
the inauguration of a true science of the earth. The doctrine of uni- 
formity of causation in Nature became the fruitful principle on which the 
structure of modern geology could be built up. 

Fresh life was now breathed into the study of the earth. A new spirit 
seemed to animate the advance along every pathway of inquiry. Facts 
that had long been familiar came to possess a wider and deeper meaning 
when their connection with each other was recognised as parts of one 
great harmonious system of continuous change. In no department of 
Nature, for example, was this broader vision more remarkably displayed 
than in that wherein the circulation of water between land and sea plays 
the most conspicuous part. From the earliest times men had watched the 
coming of clouds, the fall of rain, the flow of rivers, and had recognised 
that on this nicely adjusted machinery the beauty and fertility of the 
land depend. But they now learnt that this beauty and fertility involve 
a continual decay of the terrestrial surface ; that the soil is a measure of 
this decay, and would cease to afford us maintenance were it not continu- 
: lly removed and renewed ; that through the ceaseless transport of soil 
by rivers to the sea the face of the land is slowly lowered in level and 
carved into mountain and valley, and that the materials thus borne out- 
wards to the floor of the ocean are not lost but accumulate there to form 
rocks, which in the end will be upraised into new lands. Decay and 
‘renovation, in well-balanced proportions, were thus shown to be the 
system on which the existence of the earth as a habitable globe had been 
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established. It was impossible to conceive that the economy of the 
planet could be maintained on any other basis. Without the circulation 
of water the life of plants and animals would be impossible, and with 
that circulation the decay of the surface of the land and the renovation 
of its disintegrated materials are necessarily involved. 

As it is now so must it have been in past time. Hutton and Playfair 
pointed to the stratified rocks of the earth’s crust as demonstrations that 
the same processes which are at work to-day have been in operation from 
a remote antiquity. By thus placing their theory on a basis of actual 
observation, and providing in the study of existing operations a guide to 
the interpretation of those in past times, they rescued the investigation of 
the history of the earth from the speculations of theologians and cosmo- 
logists, and established a place for it among the recognised inductive 
sciences. To the guiding influence of their philosophical system the pro- 
digious strides made by modern geology are in large measure to be 
attributed. And here in their own city, after the lapse of a hundred 
years, let us offer to their memory the grateful homage of all who have 
profited by their labours. 

But while we recognise with admiration the far-reaching influence of 
the doctrine of uniformity of causation in the investigation of the history 
of the earth, we must upon reflection admit that the doctrine has been 
pushed to an extreme perhaps not contemplated by its original founders. 
To take the existing conditions of Nature as a platform of actual know- 
ledge from which to start in an inquiry into former conditions was logical 
and prudent. Obviously, however, human experience, in the few cen- 
turies during which attention has been turned to such subjects, has been 
too brief to warrant any dogmatic assumption that the various natural 
processes must have been carried on in the past with the same energy 
and at the same rate as they are carried on now. Variations in energy 
might have been legitimately conceded as possible, though not to be 
allowed without reasonable proof in their favour. It was right to refuse 
to admit the operation of speculative causes of change when the pheno- 
mena were capable of natural and adequate explanation by reference to 
causes that can be watched and investigated. But it was an error to take 
for granted that no other kind of process or influence, nor any variation 
in the rate of activity save those of which man has had actual cognisance, 
has played a part in the terrestrial economy. The uniformitarian writers 
laid themselves open to the charge of maintaining a kind of perpetual 
motion in the machinery of Nature. They could find in the records of the 
earth’s history no evidence of a beginning, no prospect of an end. They 
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saw that many successive renovations and destructions had been effected 
on the earth’s surface, and that this long line of vicissitudes formed a 
series of which the earliest were lost in antiquity, while the latest were 


"still in progress towards an apparently illimitable future. 


The discoveries of William Smith, had they been adequately under- 


_ stood, would have been seen to offer a corrective to this rigidly uniformi- 


tarian conception, for they revealed that the crust of the earth contains 


_ the long record of an unmistakable order of progression in organic types. 


They proved that plants and animals have varied widely in successive 
periods of the earth’s history, the present condition of organic life being 
only the latest phase of a long preceding series, each stage of which re- 
cedes further from the existing aspect of things as we trace it backward 
into the past. And though no relic had yet been found, or indeed was 
ever likely to be found, of the first living things that appeared upon the 
earth’s surface, the manifest simplification of types in the older formations 
pointed irresistibly to some beginning from which the long procession 
had taken its start. If then it could thus be demonstrated that there 
had been upon the globe an orderly march of living forms from the low- 
liest grades in early times to man himself to-day, and thus that in one 
‘department of her domain, extending through the greater portion of the 
records of the earth’s history, Nature had not been uniform but had 
followed a vast and noble plan of evolution, surely it might have been 
expected that those who discovered and made known this plan would 
seek to ascertain whether some analogous physical progression from a 
definite beginning might not be discernible in the framework of the globe 
itself. 

But the early masters of the science laboured under two great disad- 


vantages. In the first place, they found the oldest records of the earth’s 


history so broken up and effaced as to be no longer legible. And in the 
second place, they lived under the spell of that strong reaction against 
speculation which followed the bitter controversy between the Neptunists 
and Plutonists in the earlier decades of the century. They considered 
themselves bound to search for facts, not to build up theories; and as in 
the crust of the earth they could find no facts which threw any light 
upon the primeval constitution and subsequent development of our planet, 
they shut their ears to any theoretical interpretations that might be 
offered from other departments of science. It was enough for them to main- 
tain, as Hutton had done, that in the visible structure of the earth itself 
no trace can be found of the beginning of things, and that the oldest ter- 
restrial records reveal no physical conditions essentially different from 
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those in which we still live. They doubtless listened with interest to the 
speculations of Kant, Laplace, and Herschel, on the probable evolution 
of nebule, suns, and planets, but it was with the languid interest attach- 
ing to ideas that lay outside of their own domain of research. They re- 
cognised no practical connection between such speculations and the data 
furnished by the earth itself as to its own history and progress. 

This curious lethargy with respect to theory on the part of men who 
were popularly regarded as among the most speculative followers of 
science would probably not have been speedily dispelled by any discovery 
made within their own field of observation. Even now, after many years 
of the most diligent research, the first chapters of our planet’s history 
remain undiscovered or undecipherable. On the great terrestrial palimp- 
sest the earliest inscriptions seem to have been hopelessly effaced by those 
of later ages. But the question of the primeval condition and subsequent 
history of the planet might be considered from the side of astronomy and 
physics. And it was by investigations of this nature that the geological 
torpor was eventually dissipated. To our illustrious former President, 
Lord Kelvin, who occupied this chair when the Association last met in 
Edinburgh, is mainly due the rousing of attention to this subject. By 
the most convincing arguments he showed how impossible it was to 
believe in the extreme doctrine of uniformitarianism. And though, 
owing to uncertainty in regard to some of the data, wide limits of time 
were postulated by him, he insisted that within these limits the whole 
evolution of the earth and its inhabitants must have been comprised. 
While, therefore, the geological doctrine that the present order of Nature 
must be our guide to the interpretation of the past remained as true and 
fruitful as ever, it had now to be widened by the reception of evidence 
furnished by a study of the earth as a planetary body. The secular loss 
of heat, which demonstrably takes place both from the earth and the sun, 
made it quite certain that the present could not have been the original 
condition of the system. This diminution of temperature with all its 
consequences is not a mere matter of speculation, but a physical fact of 
the present time as much as any of the familiar physical agencies that 
affect the surface of the globe. It points with unmistakable direct- 
ness to that beginning of things of which Hutton and his followers could 
find no sign. 


Another modification or enlargement of the uniformitarian doctrine 
was brought about by continued investigation of the terrestrial crust and 
consequent increase of knowledge respecting the history of the earth. 


ADDRESS. 15 
_ Though Hutton and Playfair believed in periodical catastrophes, and 


indeed required these to recur in order to renew and preserve the 


habitable condition of our planet, their successors gradually came to 
view with repugnance any appeal to abnormal, and especially to violent 


A manifestations of terrestrial vigour, and even persuaded themselves that 
such slow and comparatively feeble action as had been witnessed by man 


could alone be recognised in the evidence from which geological history 
must be compiled. Well do I remember in my own boyhood what a 
_ cardinal article of faith this prepossession had become. We were taught 
by our great and honoured master, Lyell, to believe implicitly in gentle 
and uniform operations, extended over indefinite periods of time, though 
possibly some, with the zeal of partisans, carried this belief to an extreme 
which Lyell himself did not approve. The most stupendous marks of 
terrestrial disturbance, such as the structure of great mountain chains, 
were deemed to be more satisfactorily accounted for by slow movements 
prolonged through indefinite ages than by any sudden convulsion. 

What the more extreme members of the uniformitarian school failed 
to perceive was the absence of all evidence that terrestrial catastrophes 
even on a colossal scale might not be a part of the present economy of 
this globe. Such occurrences might never seriously affect the whole 
earth at one time, and might return at such wide intervals that no 
example of them has yet been chronicled by man. But that they have 
occurred again and again, and even within comparatively recent geologi- 
cal times, hardly admits of serious doubt. How far at different epochs and 
in various degrees they may have included the operation of cosmical influ- 
ences lying wholly outside the planet, and how far they have resulted from 
movements within the body of the planet itself, must remain for further 
inquiry. Yet the admission that they have played a part in geological 
history may be freely made without impairing the real value of the 
Huttonian doctrine, that in the interpretation of this history our main 
guide must be a knowledge of the existing processes of terrestrial change. 

As the most recent and best known of these great transformations, the 
Ice Age stands out conspicuously before us. If any one sixty years ago 
ad ventured to affirm that at no very distant date the snows and 
glaciers of the Arctic regions stretched southwards into France, he would 
have been treated as a mere visionary theorist. Many of the facts to 
which he would have appealed in support of his statement were already 
well known, but they had received various other interpretations. By 
some observers, notably by Hutton’s friend, Sir James Hall, they were 
believed to be due to violent debacles of water that swept over the face 
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of the land. By others they were attributed to the strong tides and 
currents of the sea when the land stood at a lower level. The uniformi- 
tarian school of Lyell had no difficulty in elevating or depressing land 
to any required extent. Indeed, when we consider how averse these | 
philosophers were to admit any kind or degree of natural operation other 
than those of which there was some human experience, we may well 
wonder at the boldness with which, on sometimes the slenderest evidence, 
they made land and sea change places, on the one hand submerging 
mountain-ranges, and on the other placing great barriers of land where 
a deep ocean rolls. They took such liberties with geography because 
only well-established processes of change were invoked in the operations. 
Knowing that during the passage of an earthquake a territory bordering 
the sea may be upraised or sunk a few feet, they drew the sweeping 
inference that any amount of upheaval or depression of any part of the 
earth’s surface might be claimed in explanation of geological problems. 
The progress of inquiry, while it has somewhat curtailed this geo- 
graphical license, has now made known in great detail the strange story 
of the Ice Age. 

There cannot be any doubt that after man had become a denizen of 
the earth, a great physical change came over the northern hemisphere. 
The climate, which had previously been so mild that evergreen trees 
flourished within ten or twelve degrees of the north pole, now became so 
severe that vast sheets of snow and ice covered the north of Europe and 
crept southward beyond the south coast of Ireland, almost as far as the 
southern shores of England, and across the Baltic into France and 
Germany. This Arctic transformation was not an episode that lasted 
merely a few seasons, and left the land to resume thereafter its ancient 
aspect. With various successive fluctuations it must have endured for 
many thousands of years. When it began to disappear it probably 
faded away as slowly and imperceptibly as it had advanced, and when 
it finally vanished it left Europe and North America profoundly changed 
in the character alike of their scenery and of their inhabitants. The 
rugged rocky contours of earlier times were ground smooth and polished 
by the march of the ice across them, while the lower grounds were 
buried under wide and thick sheets of clay, gravel, and sand, left 
behind by the melting ice. The varied and abundant flora which 
had spread so far within the Arctic circle was driven away into more 


southern and less ungenial climes. But most memorable of all was 
the extirpation of the prominent large animals which, before the advent 
of the ice, had roamed over Europe. The lions, hyznas, wild horses, 
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hippopotami and other creatures either became entirely extinct or were 
driven into the Mediterranean basin and into Africa. In their place came 
northern forms—the reindeer, glutton, musk ox, woolly rhinoceros, and 
_ mammoth. 

f Such a marvellous transformation in climate, in scenery, in vegetation 
and in inhabitants, within what was after all but a brief portion of geo- 
logical time, though it may have involved no sudden or violent convul- 
_ sion, is surely entitled to rank as a catastrophe in the history of the 
- globe. It was probably brought about mainly if not entirely by the 
_ operation of forces external to the earth. No similar calamity having 
befallen the continents within the time during which man has been re- 
_ cording his experience, the Ice Age might be cited as a contradiction to 
the doctrine of uniformity. And yet it manifestly arrived as part of the 
established order of Nature. Whether or not we grant that other ice ages 
preceded the last great one, we must admit that the conditions under 
which it arose, so far as we know them, might conceivably have occurred 
before and may occur again. The various agencies called into play by 
the extensive refrigeration of the northern hemisphere were not different 
from those with which we are familiar. Snow fell and glaciers crept as 
they do to-day. Ice scored and polished rocks exactly as it still does 
among the Alps and in Norway. There was nothing abnormal in the 
phenomena save the scale on which they were manifested. And thus, 
taking a broad view of the whole subject, we recognise the catastrophe, 
while at the same time we see in its progress the operation of those same 
natural processes which we know to be integral parts of the machinery 
whereby the surface of the earth is continually transformed. 


Among the debts which science owes to the Huttonian school, not the 
east memorable is the promulgation of the first well-founded concep- 
tions of the high antiquity of the globe. Some six thousand years had 
previously been believed to comprise the whole life of the planet, and 
indeed of the entire universe. When the curtain was then first raised 
that had veiled the history of the earth, and men, looking beyond the 
brief span within which they had supposed that history to have been 
transacted, beheld the records of a long vista of ages stretching far away 
into a dim illimitable past, the prospect vividly impressed their imagina- 
tion. Astronomy had made known the immeasurable fields of space; the 
new science of geology seemed now to reveal boundless distances of time. 
_ The more the terrestrial chronicles were studied the farther could the 
rz: ye range into an antiquity so vast as to defy all attempts to measure or 
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define it. The progress of research continually furnished additional evi- 
dence of the enormous duration of the ages that preceded the coming 
of man, while, as knowledge increased, periods that were thought to have 
followed each other consecutively were found to have been separated by 
prolonged intervals of time. Thus the idea arose and gained universal 
acceptance that, just as no boundary could be set to the astronomer in 
his free range through space, so the whole of bygone eternity lay open to 
the requirements of the geologist. Playfair, re-echomg and expanding 
Hutton’s language, had declared that neither among the records of the 
earth nor in the planetary motions can any trace be discovered of the 
beginning or of the end of the present order of things; that no symptom 
of infancy or of old age has been allowed to appear on the face of Nature, 
nor any sign by which either the past or the future duration of the uni- 
verse can be estimated ; and that although the Creator may put an end, as 
He no doubt gave a beginning, to the present system, such a catastrophe 
will not be brought about by any of the laws now existing, and is not 
indicated by anything which we perceive. This doctrine was naturally 
espoused with warmth by the extreme uniformitarian school, which re- 
quired an unlimited duration of time for the accomplishment of such slow 
and quiet cycles of change as they conceived to be alone recognisable in 
the records of the earth’s past history. 

It was Lord Kelvin who, in the writings to which I have already re- 
ferred, first called attention to the fundamentally erroneous nature of 
these conceptions. He pointed out that from the high internal tem- 
perature of our globe, increasing inwards as it does, and from the rate of 
loss of its heat, a limit may be fixed to the planet’s antiquity. He showed 
that so far from there being no sign of a beginning, and no prospect of 
an end to the present economy, every lineament of the solar system bears 
witness to a gradual dissipation of energy from some definite starting- 
point. No very precise data were then, or indeed are now, available for 
computing the interval which has elapsed since that remote commence- 
ment, but he estimated that the surface of the globe could not have con- 
solidated less than twenty millions of years ago, for the rate of increase 
of temperature inwards would in that case have been higher than it 
actually is; nor more than 400 millions of years ago, for then there would 
have been no sensible increase at all. He was inclined, when first dealing 
with the subject, to believe that from a review of all the evidence then 
available, some such period as 100 millions of years would embrace the 
whole geological history of the globe. 

It is not a pleasant experience to discover that a fortune which one 
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has unconcernedly believed to be ample has somehow taken to itself 
wings and disappeared. When the geologist was suddenly awakened 
by the energetic warning of the physicist, who assured him that he had 
enormously overdrawn his account with past time, it was but natural 
under the circumstances that he should think the accountant to be mis- 
taken, who thus returned to him dishonoured the large drafts he had 
made on eternity. He saw how wide were the limits of time deducible 
from physical considerations, how vague the data from which they had 
been calculated. And though he could not help admitting that a limit 
must be fixed beyond which his chronology could not be extended, he 
consoled himself with the reflection that after all a hundred millions of 
years was a tolerably ample period of time, and might possibly have been 
quite sufficient for the transaction of ali the prolonged sequence of events 
recorded in the crust of the earth. He was therefore disposed to acquiesce 
in the limitation thus imposed upon geological history. 

But physical inquiry continued to be pushed forward with regard to 
the early history and the antiquity of the earth. Further consideration 
of the influence of tidal friction in retarding the earth’s rotation, and of 
the sun’s rate of cooling, led to sweeping reductions of the time allowable 
for the evolution of the planet. The geologist found himself in the 
plight of Lear when his bodyguard of one hundred knights was cut down. 
‘What need you five-and-twenty, ten or five?’ demands the inexorable 
physicist, as he remorselessly strikes slice after slice from his allowance 


of geological time. Lord Kelvin is willing, I believe, to grant us some 


twenty millions of years, but Professor Tait would have us content with 
less than ten millions. 

In scientific as in other mundane questions there may often be two 
sides, and the truth may ultimately be found not to lie wholly with either. 
I frankly confess that the demands of the early geologists for an unlimited 
series of ages were extravagant, and even, for their own purposes, unneces- 
sary, and that the physicist. did good service in reducing them. It may 
also be freely admitted that the latest conclusions from physical con- 
siderations of the extent of geological time require that the interpretation 
given to the record of the rocks should be rigorously revised, with the view 
of ascertaining how far that interpretation may be capable of modification 
or amendment. But we must also remember that the geological record 
constitutes a voluminous body of evidence regarding the earth’s history 
which cannot be ignored, and must be explained in accordance with as- 
certained natural laws. If the conclusions derived from the most careful 
study of this record cannot be reconciled with those drawn from physical 

c 2 


20 REPORT—1892. 


considerations, it is surely not too much to ask that the latter should be 
also revised. It has been well said that the mathematical mill is an ad- 
mirable piece of machinery, but that the value of what it yields depends 
upon the quality of what is put into it. That there must be some flaw 
in the physical argument I can, for my own part, hardly doubt, though 
I do not pretend to be able to say where it is to be found. Some as- 
sumption, it seems to me, has been made, or some consideration has been 
left out of sight, which will eventually be seen to vitiate the conclusions, 
and which when duly taken into account will allow time enough for any 
reasonable interpretation of the geological record. 

In problems of this nature, where geological data capable of numerical 
statement are so needful, it is hardly possible to obtain trustworthy com- 
putations of time. We can only measure the rate of changes in progress 
now, and infer from these changes the length of time required for the com- 
pletion of results achieved by the same processes in the past. There is for- 
tunately one great cycle of movement which admits of careful investigation, 
and which has been made to furnish valuable materials for estimates of » 
this kind. The universal degradation of the land, so notable a character- 
istic of the earth’s surface, has been regarded as an extremely slow 
process. Though it goes on without ceasing, yet from century to cen- 
tury it seems to leave hardly any perceptible trace on the landscapes of 
a country. Mountains and plains, hills and valleys, appear to wear the 
same familiar aspect which is indicated in the oldest pages of history. 
This obvious slowness in one of the most important departments of 
geological activity, doubtless contributed in large measure to form and 
foster a vague belief in the vastness of the antiquity required for the 
evolution of the earth. 

But, as geologists eventually came to perceive, the rate of degradation 
of the land is capable of actual measurement. The amount of material 
worn away from the surface of any drainage-basin and carried in the form 
of mud, sand, or gravel, by the main river into the sea, represents the 
extent to which that surface has been lowered by waste in any given 
period of time. But denudation and deposition must be equivalent to 
each other. As much material must be laid down in sedimentary accu- 
mulations as has been mechanically removed, so that in measuring the 
annual bulk of sediment borne into the sea by a river, we obtain 
a clue not only to the rate of denudation of the land, but also to the 
rate at which the deposition of new sedimentary formations takes 
place. 

As might be expected, the activities involved in the lowering of the 
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[ surface of the land are not everywhere equally energetic. They are 


- naturally more vigorous where the rainfall is heavy, where the daily 
range of temperature is large, and where frosts are severe. Hence they 
are obviously much more effective in mountainous regions than on plains ; 
and their results must constantly vary, not only in different basins of drain- 
age, but even, and sometimes widely, within the same basin. Actual 
measurement of the proportion of sediment in river water shows that 
_ while in some cases the lowering of the surface of the land may be as 
much as ~}, of a foot in a year, in others it falls as low as ggj>. In 
other words, the rate of deposition of new sedimentary formations, over 
an area of sea-floor equivalent to that which has yielded the sediment, 
may vary from one foot in 730 years to one foot in 6,800 years. 

If now we take these results and apply them as measures of the length 
of time required for the deposition of the various sedimentary masses. 
that form the outer part of the earth’s crust, we obtain some indication of 
the duration of geological history. On a reasonable computation these 
stratified masses, where most fully developed, attain a united thickness of 
not less than 100,000 feet. If they were all laid down at the most rapid 
recorded rate of denudation, they would require a period of seventy- 
three millions of years for their completion. If they were laid down 
at the slowest rate they would demand a period of not less than 680 
millions. 

But it may be argued that all kinds of terrestrial energy are growing 
feeble, that the most active denudation now in progress is much less 
vigorous than that of bygone ages, and hence that the stratified part of 
the earth’s crust may have been put together in a much briefer space of 
time than modern events might lead us to suppose. Such arguments are 
easily adduced and look sufficiently specious, but no confirmation of them 
can be gathered from the rocks. On the contrary, no one can thought- 
fully study the various systems of stratified formations without being 
impressed by the fulness of their evidence that, on the whole, the accu- 
mulation of sediment has been extremely slow. Again and again we 
encounter groups of strata composed of thin paper-like laminz of the 
finest silt, which evidently settled down quietly and at intervals on the 
sea bottom. We find successive layers covered with ripple-marks and 
sun-cracks, and we recognise in them memorials of ancient shores where 
sand and mnd tranquilly gathered as they do in sheltered estuaries at the 
present day. We can see no proof whatever, nor even any evidence which 

suggests, that on the whole the rate of waste and sedimentation was more 
| rapid during Mesozoic and Palexozoic time than it is to-day. Had 
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there been any marked difference in this rate from ancient to modern 
times, it would be incredible that no clear proof of it should have been 
recorded in the crust of the earth. 

But in actual fact the testimony in favour of the slow accumulation 
and high antiquity of the geological record is much stronger than might 
be inferred from the mere thickness of the stratified formations. These 
sedimentary deposits have not been laid down in one unbroken sequence, 
but have had their continuity interrupted again and again by upheaval 
and depression. So fragmentary are they in some regions, that we can 
easily demonstrate the length of time represented there by still existing 
sedimentary strata to be vastly less than the time indicated by the gaps 
in the series. 

There is yet a further and impressive body of evidence furnished by- 
the successive races of plants and animals which have lived upon the 
earth and have left their remains sealed up within its rocky crust. No 
one now believes in the exploded doctrine that successive creations and 
universal destructions of organic life are chronicled in the stratified 
rocks. It is everywhere admitted that, from the remotest times up to 
the present day, there has been an onward march of development, type 
succeeding type in one long continuous progression. As to the rate 
of this evolution precise data are wanting. There is, however, the 
important negative argument furnished by the absence of evidence of 
recognisable specific variations of organic forms since man began to 
observe and record. We know that within human experience a few 
species have become extinct, but there is no conclusive proof that a 
single new species has come into existence, nor are appreciable variations 
readily apparent in forms that live in a wild state. The seeds and plants 
found with Egyptian mummies, and the flowers and fruits depicted on 
Egyptian tombs, are easily identified with the vegetation of modern 
Egypt. The embalmed bodies of animals found in that country show no 
sensible divergence from the structure or proportions of the same animals 
at the present day. The human races of Northern Africa and Western 
Asia were already as distinct when portrayed by the ancient Egyptian 
artists as they are now, and they do not seem to have undergone any 
perceptible change since then. Thus a lapse of four or five thousand 
years has not been accompanied by any recognisable variation in such 
forms of plant and animal life as can be tendered in evidence. Absence 
of sensible change in these instances is, of course, no proof that consider- 
able alteration may not have been accomplished in other forms more 
exposed to vicissitudes of climate and other external influences. But it 
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furnishes at least a presumption in favour of the extremely tardy progress 
of organic variation. 

Tf, however, we extend our vision beyond the narrow range of human 
history, and look at the remains of the plants and animals preserved in 
those younger formations which, though recent when regarded as parts 
of the whole geological record, must be many thousands of years older 
than the very oldest of human monuments, we encounter the most 
impressive proofs of the persistence of specific forms. Shells which 
lived in our seas before the coming of the Ice Age present the very same 
peculiarities of form, structure, and ornament which their descendants 
still possess. The lapse of so enormous an interval of time has not 
sufficed seriously to modify them. So too with the plants and the higher 
animals which still survive. Some forms have become extinct, but few 
or none which remain display any -transitional gradations into new 
species. We must admit that such transitions have occurred, that indeed 
they have been in progress ever since organised existence began upon our 
planet, and are doubtless taking place now. But we cannot detect them 
on the way, and we feel constrained to believe that their march must be 
excessively slow. 

There is no reason to think that the rate of organic evolution has ever 
seriously varied; at least no proof has been adduced of such variation. 
Taken in connection with the testimony of the sedimentary rocks, the 
inferences deducible from tossils entirely bear out the opinion that the 
building up of the stratified crust of the earth has been extremely 
gradual. If the many thousands of years which have elapsed since the 
Ice Age have produced no appreciable modification of surviving plants 
and animals, how vast a period must have been required for that 
marvellous scheme of organic development which is chronicled in the 
rocks ! 

After careful reflection on the subject, I affirm that the geological 
record furnishes a mass of evidence which no arguments drawn from 
other departments of Nature can explain away, and which, it seems to 
me, cannot be satisfactorily interpreted save with an allowance of time 
much beyond the narrow limits which recent physical speculation would 
concede. 


I have reserved for final consideration a branch of the history of the 
earth which, while it has become, within the lifetime of the present gene- 
ration, one of the most interesting and fascinating departments of geo- 
logical inquiry, owed its first impulse to the far-seeing intellects of Hutton 
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and Playfair. With the penetration of genius these illustrious teachers 
perceived that if the broad masses of land and the great chains of moun- 
tains owe their origin to stupendous movements which from time to time 
have convulsed the earth, their details of contour must be mainly due to 
the eroding power of running water. They recognised that as the surface 
of the land is continually worn down, it is essentially by a process of 
sculpture that the physiognomy of every country has been developed, 
valleys being hollowed out and hills left standing, and that these in- 
equalities in topographical detail are only varying and local accidents in 
the progress of the one great process of the degradation of the land. 

From the broad and guiding outlines of theory thus sketched we have 
now advanced amid ever-widening multiplicity of detail into a fuller and 
nobler conception of the origin of scenery. The law of evolution is 
written as legibly on the landscapes of the earth as on any other page of 
the Book of Nature. Not only do we recognise that the existing topo- 
graphy of the continents, instead of being primeval in origin, has gradu- 
ally been developed after many precedent mutations, but we are enabled 
to trace these earlier revolutions in the structure of every hill and glen. 
Hach mountain-chain is thus found to be a memorial of many successive 
stages in geographical evolution. Within certain limits, land and sea 
have changed places again and again. Volcanoes have broken out and 
have become extinct in many countries long before the advent of man. 
Whole tribes of plants and animals have meanwhile come and gone, and 
in leaving their remains behind them as monuments at once of the slow 
development of organic types, and of the prolonged vicissitudes of the 
terrestrial surface, have furnished materials for a chronological arrange- 
ment of the earth’s topographical features. Nor is it only from the 
organisms of former epochs that broad generalisations may be drawn 
regarding revolutions in geography. The living plants and animals of 
to-day have been discovered to be eloquent of ancient geographical 
features that have long since vanished. In their distribution they tell 
us that climates have changed, that islands have been disjoined from 
continents, that oceans once united have been divided from each other, 
or once separate have now been joined; that some tracts of land have 
disappeared, while others for prolonged periods of time have remained in 
isolation. The present and the past are thus linked together not merely 
by dead matter, but by the world of living things, into one vast system 
of continuous progression. 

In this marvellous increase of knowledge regarding the transforma- 
tions of the earth’s surface, one of the most impressive features, to my 
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mind, is the power now given to us of perceiving the many striking 
contrasts between the present and former aspects of topography and 
scenery. We seem to be endowed with a new sense. What is seen by 
the bodily eye—mountain, valley, or plain—serves but as a veil, beyond 
which, as we raise it, visions of long-lost lands and seas rise before us in 
a far-retreating vista. Pictures of the most diverse and opposite cha- 
racter are beheld, as it were, through each other, their lineaments subtly 
interwoven and even their most vivid contrasts subdued into one blended 
harmony. Like the poet, ‘we see, but not by sight alone’; and the ‘ ray 
of fancy’ which, as a sunbeam, lightened up his landscape, is for us 
broadened and brightened by that play of the imagination which science 
- can so vividly excite and prolong. 

Admirable illustrations of this modern interpretation of scenery are 
supplied by the district wherein we are now assembled. On every side 
of us rise the most convincing proofs of the reality and potency of that 
ceaseless sculpture by which the elements of landscape have been carved 
into their present shapes. Turn where we may, our eyes rest on hills 
that project above the lowland, not because they have been upheaved 
into these positions, but because their stubborn materials have enabled 
them better to withstand the degradation which has worn down the 
softer strata into the plains around them. Inch by inch the surface of 
the land has been lowered, and each hard rock successively laid bare has 
communicated its own characteristics of form and colour to the scenery. 

If, standing on the Castle Rock, the central and oldest site in Edin- 
burgh, we allow the bodily eye to wander over the fair landscape, and 
the mental vision to range through the long vista of earlier landscapes 
_ which science here reveals to us, what a strange series of pictures passes 
before our gaze! The busy streets of to-day seem to fade away into the 
_ mingled copsewood and forest of prehistoric time. Lakes that have long 
since vanished gleam through the woodlands, and a rude canoe pushing 

from the shore startles the red deer that had come to drink. While we 
look, the picture changes to a polar scene, with bushes of stunted Arctic 
willow and birch, among which herds of reindeer browse and the huge 
mammoth makes his home. Thick sheets of snow are draped all over the 
hills around, and far to the north-west the distant gleam of glaciers and 
snow-fields marks the line of the Highland mountains. As we muse on 
this strange contrast to the living world of to-day the scene appears to 
grow more Arctic in aspect, until every hill is buried under one vast 
sheet of ice, 2,000 feet or more in thickness, which fills up the whole 
midland valley of Scotland and creeps slowly eastward into the basin of 
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the North Sea. Here the curtain drops upon our moving pageant, for in 
the geological record of this part of the country an enormous gap occurs 
before the coming of the Ice Age. 

When once more the spectacle resumes its movement the scene is 
found to have utterly changed. The familiar hills and valleys of the 
Lothians have disappeared. Dense jungles of a strange vegetation— 
tall reeds, club-mosses, and tree-ferns—spread over the steaming swamps 
that stretch for leagues in all directions. Broad lagoons and open seas 
are dotted with little voleanic cones which throw out their streams of 
lava and showers of ashes. Beyond these, in dimmer outline and older in 
date, we descry a wide lake or inland sea, covering the whole midland 
valley and marked with long lines of active voleanoes, some of them several 
thousand feet in height. And still further and fainter over the same 
region, we may catch a glimpse of that still earlier expanse of sea which 
in Silurian times overspread most of Britain. But beyond this scene cur 
vision fails. We have reached the limit across which no geological 
evidence exists to lead the imagination into the primeval darkness 
beyond. 

Such in briefest outline is the succession of mental pictures which 
modern science enables us to frame out of the landscapes around Edin- 
burgh. They may be taken as illustrations of what may be drawn, and 
sometimes with even greater fulness and vividness, from any district in 
these islands. I cite them especially because of their local interest 
in connection with the present meeting of the Association, and because 
the rocks that yield them gave inspiration to those great masters whose 
claims on our recollection, not least for their explanation of the origin of 
scenery, I have tried to recount this evening. But I am further impelled 
to dwell on these scenes from an overmastering personal feeling to which 
I trust I may be permitted to give expression. It was these green hills 
and grey crags that gave me in boyhood the impulse that has furnished 
the work and joy of my life. To them, amid changes of scene and 
surroundings, my heart ever fondly turns, and here I desire gratefully to 
acknowledge that it is to their influence that I am indebted for any claim 
I may possess to stand in the proud position in which your choice has 
placed me. 
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Report of the Corresponding Societies Committee, consisting of Mr. 
Francis Gatton (Chairman), Professor A. W. WILLIAMSON, Sir 
DovuaGLas GALTON, Professor Boyp Dawkins, Sir Rawson Rawson, 
Dr. J. G. Garson, Sir Jonn Evans, Mr. J. Hopkinson, Professor 
R. MEeEtpoia (Secretary), Professor T. G. Bonney, Mr. W. 
Wuitaker, Mr. G. J. Symons, General Pirt-Rivers, Mr. W. 
Top.ey, and Mr. T. V. HOLMEs. 


Tue Corresponding Societies Committee of the British Association begs 
leave to submit to the General Committee the following Report of the 
proceedings of the Conference held at Cardiff. 

The Council nominated Mr. G. J. Symons, F.R.S., Chairman, Dr. J. 
G. Garson, Vice-Chairman, and Professor R. Meldola, F.R.S., Secretary 
to the Conference. These nominations were confirmed:by the General 
Committee at the meeting held at Cardiff on Wednesday, August 19. 
The meetings of the Conference were held on Thursday, August 20, at 
3.30 p.M., and on Tuesday, August 25, at 1 p.m., in the Dumfries Street 
Proprietary School. The following thirty-six Delegates were nominated 
44 the Corresponding Societies as their representatives at the Cardiff 

eeting :— 


Rev. H. H. Winwood, M.A., F.G.S. Bath Natural History and Antiquarian 


Field Club. 

Mr. John Brown . 5 : . Belfast Natural History and Philosophi- 
cal Society. 

Mr. William Gray, M.R.I.A. . . Belfast Naturalists’ Field Club. 

Mr. C.J. Watson. —. : . Birmingham Natural History and Micro- 
scopical Society. 

Mr. J. Kenward, F.S.A. : . Birmingham Philosophical Society. 

Prof. A. Leipner . ; ; . Bristol Naturalists’ Society. 


Mr. T. H. Thomas 

Dr. C. T. Vachell 

Mr. M. H. Mills, F.G.S.. - . Chesterfield and Midland Counties Insti- 
tution of Engineers. 


Mr. Peter Price 
Cardiff Naturalists’ Society.' 


' Three Delegates appointed under the rule which empowers a Society having its 
headquarters in the place of meeting to nominate this number of representatives. 
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Mr. Thomas Cushing, F.R,A.S. . Croydon Microscopical and Natural His- 
tory Club. 

Mr. J. G. Goodchild, F.G.S. . , Cumberland and Westmorland Associa- 
tion for the Advancement of Literature 
and Science. 

Mr. A. S. Reid, M.A., F.G.S. . . East Kent Natural History Society. 

Mr. Henry Coates. : 5 . East of Scotland Union of Naturalists 
Societies and Perthshire Society of 

Natural Science. 
Prof. R. Meldola, F.R.S. 2 . Essex Field Club. 
Mr. D. Corse Glen, F.G.S. . . Geological Society of Glasgow. 


Dr. A. T. Brett -—. 3 : . Hertfordshire Natural History Society 
and Field Club. 

Mr. C.J. Alford . Z = . Hampshire Field Club. 

Mr. P. M. C. Kermode . - - Isle of Man Natural History and Anti- 
quarian Society. 

Mr. B. Holgate, F.G.8. . . . Leeds Geological Association. 

Mr. Osmund W. Jeffs . 5 . Liverpool Geological Society. 

Mr. M. B. Slater, F.L.S. 3 . Malton Field Naturalists’ and Scientific 
Society. 

Mr. Eli Sowerbutts, F.R.G.S. » Manchester Geographical Society. 


Mr. Mark Stirrup, F.G.S. - Manchester Geological Society. 

Dr. J. T. Arlidge, M.A. . . « North Staffordshire Naturalists’ Field 
Club and Archeological Society. 

Mr. C. A. Markham, F.S.A. . « Northamptonshire Natural History So- 
ciety and Field Club. 

Prof. J. H. Merivale, M.A. . . North of England Institute of Mining and 
Mechanical Engineers. 

Mr. R. Robinson . - . - Rochdale Literary and Scientific Society. 

Mr. A. Silva White, F.R.S.E. - Royal Scottish Geographical Society. 

Mr. E. Chisholm Batten e . Somersetshire Archzological and Natu- 

: ral History Society. 

Mr. F, W. Hembry, F.R.M.S. » South London Microscopical and Natural 
History Club. 

Prof. C. F. Bastable, M.A. , . Statistical and Social Inquiry Society of 
Treland. 

Mr. G. E. T. Smithson . - - Tyneside Geographical Society. 

Mr. W. Andrews, F.G.S. = . Warwickshire Naturalists’ and Archzxolo- 
gists’ Field Club. 

Rev. J. O. Bevan, M.A.. ‘ . Woolhope Naturalists’ Field Club. 

Rev. E. P, Knubley, M.A. . . Yorkshire Naturalists’ Union, 


First ConFrERENCE, Aucust 20. 


The chair was taken by Mr. G. J. Symons, F.R.S., the Corresponding 
Societies Committee being also represented by Sir Douglas Galton, 
Dr. Garson, Mr. W. Whitaker, Mr. W. Topley, and Professor R. Meldola 
as Secretary. 

The Report of the Corresponding Societies Committee, printed copies 
of which had been circulated among the Delegates, was, on the motion 
of the Chairman, taken as read. The subjects freated of in the Report 
were then dealt with in the order of the Sections. 


Section A. 


Temperature Variation in Lakes, Rivers, and Hstuaries—Mr. Mark 
Stirrup stated that the Manchester Geological Society had been of some 
use in this inquiry. Some few years ago he had solicited the Water 
Committee of the Manchester Corporation to undertake observations in 
their large reservoirs at Woodhead, but although these were commenced, 
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a difficulty was soon experienced in finding reliable observers, and they 
had consequently to be given up. Mr. Watts had, however, at his request, 
taken the matter up with regard to the Oldham reservoirs, and had been 
at great pains to make trustworthy observations, which had received the 
warm approval of the Temperature Committee. 

Mr. M. H. Mills thought that it might be advantageous if similar 
observations were extended to the temperature variations of underground 
waters. 

The Chairman explained that there was already a Committee of the 
Association dealing with underground temperatures, and he suggested 
that they might extend their work to water as well as soil. 

Meteorological Photography.—The Chairman stated that some progress 
had been made during the year with the work of this Committee, and 
they had been fortunate in obtaining some very good photographs of 
clouds, lightning, frost effects, &c. These photographs were exhibited in 
the meeting-room of Section A, and he invited the Delegates to imspect 
them. A report of what had been thus far done would be presented 
during the meeting, and he expressed the hope that the Delegates would 
assist the Committee by securing the co-operation of amateur photo- 
graphers throughout the country. 

Mr. Cushing presented two photographs showing the effects of a snow- 
storm taken during the previous winter. 


Secrion C. 


Geological Photography.—The Rev. J. O. Bevan announced that on 
his representation the Woolhope Club had recently appointed a Committee 
to deal with this subject, and he hoped that their efforts during the year 
would be of use to the Geological Photographs Committee. 

Mr. O. W. Jeffs stated that the work of this Committee, of which he was 
Secretary, had made satisfactory progress during the year, and he ex- 
pressed his thanks to the Corresponding Societies not only for the assist- 
ance which they had rendered by supplying photographs, but also for 
the interest which they had raised in different parts of the country. 
As a result of the work an exhibition of photographs had been arranged 
in the meeting-room of Section C. The total number of photographs 
received during the year was 300. With respect to amateur photographic 
societies Mr. Jeffs stated that their Committee had not yet received from 
them the assistance which they had hoped. Although a large number of 
people in England, Scotland, Ireland, and Wales had helped them, it was 
necessary to point out that what was now wanted was work of a more 
systematic character. The Yorkshire Naturalists’ Union had sent in the 
largest number of photographs received from any one society. The Hast 
Kent Natural History Society had also formed a photographic section and 
had sent in the results, but in other parts of the country work had not 
been carried on to the same extent, and he hoped that some of the 
Delegates would advocate their cause and promote local photographic 
surveys on a systematic plan. 

Mr. Wm. Gray remarked that the Committee must not be discouraged 
by the limited number of photographs which might be sent in during any 
particular year, because at the present stage, when the whole scheme was 
being organised, the number of photographs did not indicate the amount 
of work that was being done. Thus the Belfast Naturalists’ Field Club 
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had been well represented last year, but would not be so well represented _ 
this year, because they were engaged in organising their work and pre- 
paring their own lists. When these were ready the work would progress 
more rapidly. 

Mr. Cushing presented two photographs on behalf of the Croydon 
Microscopical and Natural History Club. 

The Rev. H. H. Winwood raised a question with respect to the obtain- 
ing of copies of the photographs. The amateur photographer took the 
negatives, but did not wish to be troubled with multiplying prints. He 
thought it desirable that the name of the person holding the negative 
should be made known in order that copies of any particular photograph 
might be obtained. 

Mr. Gray stated that this was one of the points which had been con- 
sidered by their Society in Belfast, and they proposed to inform the public 
where copies of the photographs were to be obtained. 

Mr. Sowerbutts said he knew a considerable number of amateur 
photographers who would not send away their negatives to be printed 
from, nor would they allow prints to be made without their consent. He 
had tried to do something for the Committee with amateur photographers 
in Lancashire, but had found that the amateur who went out to photo- 
graph did not usually confine himself to such subjects as were required 
by the Committee. About 120 negatives had been taken by the Man- 
chester Geographical Society, but these had not been taken specially for 
geological purposes, and only four had been sent to the Committee. The 
Manchester Geological Society, represented by Mr. Mark Stirrup, took 
photographs for scientific and not for mere pictorial purposes, and these 
would, no doubt, be of greater value. Their Geographical Society had, 
however, arranged to take a series across Lancashire for their own pur- 
poses, and any of the photographs showing geological features would, he 
thought, be at the service of the Committee. 

Mr. Jeffs said that, in order to remove any misconception which might 
exist with respect to the purpose of the Committee, he would state that 
their first object was to have a typical collection of photographs illus- 
trating the geological features of the country. Their next object was to 
enable teachers and lecturers to have copies of any of the photographs 
that might be desired. In furtherance of this object they had already 
published in their Report for 1890,! and had continued in their present 
Report, a list of photographs, giving particulars and the name of the 
photographer from whom they could be procured. Any person wanting 
copies could obtain them by writing. Of course the fixing of price was a 
local matter and beyond the control of the Committee; he thought that 
some of the photographers might be generous enough to present copies 
in the interests of science. Mr. Jeffs added that their Committee could 
uot undertake to hold the negatives. 

Mr. C. J. Watson suggested that copies of the photographs should be 
circulated among the Corresponding Societies, as they could not tell 
from the published list which of the photographs would be of use to a 
local Society. He thought that this would be met’ by having an album 
of duplicate prints for circulation in the manner suggested. 

Mr. A. 8. Reid said that he had been engaged for some time in incit- 
ing the local Societies to take up this work. He found that the amateur 


1 B A. Report, Leeds, 1890, p. 429. 
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geologist was not inclined to add to the weight which he had to carry. 
The appliances for taking good photographs need not, however, be very 
heavy, as he had been experimenting with an ordinary hand camera, 
weighing five pounds, which he had carried over some of the rockiest 
parts of Scotland. He had contributed a short paper to the ‘ Photo- 
graphic Quarterly’ for January 1891, showing what could be done with 
one of these small cameras. Mr. Reid exhibited a print taken from one 
of these quarter-plate negatives, which he considered quite good enough 
for preparing larger diagrams from for teaching and lecturing purposes. 

Mr. Holgate expressed his regret that the Committee could not under- 
take the care of the negatives, as he was of opinion that many photo- 
graphers would be willing to take two negatives of any section, one for 
the use of the Committee, for the purpose of supplying prints at some 
fixed charge to the societies or individuals requiring them. 

The Chairman stated that the Meteorological Photographs Committee 
had never experienced any of the difficulties referred to with respect to 
the negatives ; those who took the photographs were in all cases willing 
that free use should be made of them by the Committee, and he expressed 
the hope that in the interests of science it might be the same with kindred 
subjects. 

Sea Coast Erosion.—Mr. Topley said that a mass of information had 
been accumulated by this Committee, and it had been decided to conclude 
their work this year. For some parts of the country the records were 
fairly full, but for other parts very meagre. He mentioned that the 
French Government had appointed a commission to do similar work, 
which had adopted the form of questions circulated by this Committee. 


Section D. 


Disappearance of Native Plants.—Mr. D. Corse Glen reported that 
two papers on this subject had been sent in to the Committee by the 
Perthshire Society of Natural Science, but these had apparently not been 
made use of. 

The Rev. E. P. Knubley explained that the Committee probably 
intended to confine their report this year entirely to Wales and the 
adjoining counties in the West of England. In view of the meeting 
being at Edinburgh next year, it was likely that the Perthshire lists 
would be taken for the next report. 

Destruction of Wild Birds’ Eggs.—Dr. Vachell said that the Cardiff 
Naturalists’ Society had taken up a case in 1890 with respect to the 
destruction of birds and eggs on the island of Grassholme, in the Bristol 
Channel. A Bill had been introduced into Parliament last year by Mr. 
Pease, but this had unfortunately not been proceeded with. The pro- 


tection of the birds, and of the eggs during the breeding season, was a 


very important matter, and he would be very glad if the Delegates would 
give some practical aid with the object of furthering the Bill. 

The Chairman suggested that a recommendation from the Committee 
of Section D, backed up by a similar recommendation from the Confer- 
ence, might be sent up to the Council through the Committee of Recom- 
mendations. 

Dr. Garson concurred with this suggestion; he thought that the 
recommendation might be referred to the Council directly by the Sec- 


tional Committee. 
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Mr. Kermode said that in the Isle of Man they did protect the eggs 
as well as the birds, and he hoped that they would succeed in getting 
similar protection in Great Britain. 


Section EH. 


Teaching of Geography in Primary Schools.—Mr. Sowerbutts said 

that he had not received any communications on this subject from the 
Delegates, so that he could make no statement beyond what he had 
gathered in a general way as to the education in the Manchester district. 
He distributed among the Delegates a report on geographical education 
which had been presented to the Council of the Manchester Geographical 
Society, and which contained evidence of very great improvement in the 
teaching of this subject. They had communicated with all the primary 
schools in Lancashire and Yorkshire, offering toconduct examinations and 
to give prizes. Replies had been received from three School Boards, a 
number of children bad sat for examination, and all the prizes had been 
awarded. The two difficulties which had been met with were, first, the 
pressure of time in primary schools ; and, secondly, that geography was 
not a compulsory subject under the Code. He considered the report itself 
as of great interest and value. One paper by Mr. Cardwell, of St. Bede’s 
College, might almost be used as a text-book by any teacher who would 
adopt it for his pupils. Mr. Sowerbutts expressed his willingness to 
follow up the subject, which in his opinion had not received much en- 
couragement from the Government Departments, and he added that if 
the Delegates would refer to the report which he had circulated, and 
communicate with him, he should be in a position to give a report at the 
next meeting.' 
“t Ordnance Maps.—The Chairman stated that at the Leeds meeting 
last year a strong recommendation had been sent up to the Council as to 
the cost, the antiquity, and the difficulty of procuring copies of the 
Ordnance maps. The Council had communicated with Mr. Chaplin, of 
the Board of Agriculture, and they had heard unofficially that material 
alterations would be made, so that these maps would be very much more 
accessible than heretofore. He added that, so far as his experience went, 
nineteen-twentieths of the people of this country did not know how to 
make use of an Ordnance map.” 

Mr. Holgate said that it would be desirable to have the contours 
of different heights printed in different colours. It would then be easy for 
teachers to get their pupils to trace out these contours and cut them out 
in cardboard. For teaching geography in an interesting way they could 
not, in his opinion, have anything better than a raised map, made in this 
manner. j 

Mr. Peter Price mentioned, as an illustration of the slow progress of 

1 Communications to be addressed to Mr. Eli Sowerbutts, 44 Brown Street, Man- 
chester. 
pew? The following resolutions were referred by the General Committee to the 
Council for consideration and action if desirable at the Cardiff meeting :— 

(1) ‘That the publication of the one-inch and six-inch Ordnance Survey Maps is, 
in the interests of Science, urgently required at the earliest possible date, no less 
than in the interests of Industry, Manufacture, and Technical Hducation. 

(2) That steps be taken and provision made for keeping the Ordnance Maps up 
to date. 

(3) That the Maps should be made more accessible to the public, and should be 


sold at a lower price, as is the case in nearly all other official publications, such as 
Admiralty Charts, Blue Books, &c.’ 
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the survey, that the town of Cardiff had purchased new maps, which had 
been found to show only about one-half the present town. The survey 
had been made ten years ago, and the maps were quite useless for the 
purpose for which they had been purchased. 

Mr. Mills said that it was only fair to state that he had never written 
to Stanford’s for any map without receiving it by return of post. 

Mr. Gray was of opinion that the maps should be sent gratuitously to 
schools. The children often had no idea of what a map meant, and they 
should have the maps of their own districts on different scales, in order 
that they might gain a better knowledge of geography. 

The Chairman stated that he had recently been to Clevedon, and had 
been unable to procure the Ordnance map from the best shop in the town. 
He had written to Stanford and obtained one in two days, and had found 
that the map was twelve years old. 

Mr. Whitaker said that there was no difficulty in getting one-inch 
maps with the contours printed on them, as the Ordnance Survey was 
now engaged in producing such maps. The work required time, however, 
as the copper plate of a one-inch map took a year to engrave. If the 
Government could be forced into using photo-zincography the maps might 
be produced more rapidly. He knew that nearly all the one-inch maps 
were to be procured with contours, although not with hill shading. 
Processes were now being tried at Southampton for printing in the hill 
shading in a transparent ink which would not obscure the lettering, the 
roads, rivers, or contour lines, &c. The chief delay occurred in the en- 
graving, but the maps were always dated. With respect to the six-inch 
maps, Mr. Whitaker said that local surveyors or anyone who could pace 
accurately could fill in new features for themselves. In condemning a 
map as being of no use, all that was meant was that the new features had 
not been put on it, and that, of course, was bound to happen in growing 
towns like Cardiff, Manchester, and Southampton. The Government 
did not give the Survey the means of going over the ground again. The 
only way of hastening matters and of insuring the insertion of the latest 
features would be to influence the Treasury, which controls all the 
Government Departments. 

Mr. Sowerbutts expressed his belief that the delay was mainly in the 
method of producing the maps. He had been surprised at the facility 
_ with which the Survey maps were produced in Brussels for about four- 
pence each directly from the zinc plates. 

Mr. Kenward expressed his admiration for the one-inch Ordnance 
map. He said that he had made forty or fifty journeys on foot through 
every part of North Wales and had never found the map at fault. 


Section G. 


Flameless Hzxplosives—Professor Merivale stated that there was 
nothing new to report this year. The work was still going on, and next 
year they would have something definite to bring before the Delegates. 

Mr. Mills said that the Chesterfield and Midland Counties Institution 
had been carrying on similar experiments, and it was to be regretted 
that both institutions were spending money and time over the same 
work. 

The Chairman expressed the hope that they would combine to carry 
on the experiments together. . 
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Secrion H. 


Aid in Anthropological Exploration.—Dr. Garson stated that at last 
year’s Conference he had called attention to the existence of a Committee 
for giving advice on this subject. As an illustration of the evil arising 
from neglecting the assistance thus offered he mentioned a case which 
had come under his notice during the year, in which a large barrow had 
been opened at a cost of 1007. A large number of valuable skeletons had 
been found, but only the skulls and a few long bones of at most three of 
the skeletons had been sent to him to work up; the rest of the bones had 
not been preserved. Thus a barrow with a number of skeletons had been 
simply destroyed and the money wasted. The exploration had been done 
as a piece of local work, and if application had been made to the Com- 
mittee of Aid they could have given directions or sent some one down to 
assist the local Committee. Dr. Garson pointed out that the Committee 
of Aid did not propose to take the work out of the hands of, or to lay 
claim to the credit due to, local effort ; they wished only to give assistance 
and advice. He therefore urged the Delegates to bring the existence of 
this Committee under the notice of their Societies. 

Dr. Vachell said that he could bear out the remarks made by Dr. 
Garson. Some Roman remains had been found at Llantwit Major, 
amongst them being some very fine skeletons. Permission had been 
obtained to carry on excavations, but they were uncertain whether they 
would be stopped, and ultimately they were prevented from carrying on 
the work. Several skulls were obtained, but not the remaining portions 
of the skeletons, as they had no means at hand of preserving the bones, 
which in a few days crumbled to pieces. The skulls were sent to 
General Pitt-Rivers, who reported that these were of no use without 
the other parts of the skeletons. 

Registration of Prehistoric Remains.—Dr. Garson said that the Secre- 
tary of this Committee, Mr. J. W. Davis, was not present at the Cardiff 
Meeting, but a report had been presented to Section H. 

The Rev. J. O. Bevan stated that the Woolhope Naturalists’ Field 
Club had decided to prepare a map showing the antiquities in their county. 
It was to be based on the prospectus issued by the Society of Antiquaries, 
and they wished to produce a map similar to that which had been pre- 
pared for Kent. They were going to appoint representatives in every 
parish, and to request them to send particulars of any objects of interest 
and to enter the positions of such objects on the Ordnance maps. He had 
been empowered by his Society to ask any of the Delegates who might 
have seen other schemes to furnish any hints that might be of use before 
they issued their own prospectus. 

Dr. Garson suggested that those who were undertaking this kind of 
work should communicate with the Secretary of the Prehistoric Remains 
Committee of the British Association,! as that Committee was making a 
record of all ancient remains throughout the country, and they had a 
system which it would be desirable to adopt in order to bring all the 
records into harmony. 

Mr. Kenward approved of this suggestion. 

Mr. Whitaker requested the Delegates to communicate any discoveries 
of or concerning ancient remains to the Ordnance Survey. They would 
often find errors of omission in the maps, or the periods of antiquities 


1 Mr. J. W. Davis, Chevinedge, near Halifax. 
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definitely stated although still under discussion by archeologists. If 
errors of this kind were communicated to the Director-General of the 
Ordnance Survey they would be attended to. As an instance he men- 
tioned that a member of the Hampshire Field Club had discovered a 
British earthwork which was not on the map; this omission had been 
made known to the Survey, and it was now being or would be surveyed 
aud inserted. 

Mr. Kenward stated that he had been able to do a similar thing in 
the case of the unnoted Roman camp at Metchley Park, near Birmingham. 


Seconp Conrerence, Aucust 25. 
The chair was taken by Mr. G. J. Symons, F'.R.S., the Corresponding 


Societies Committee being further represented by Sir Douglas Galton, 
Mr. Whitaker, Dr. Garson, and Professor Meldola as Secretary. 


Section A. 


Temperature Variation in Lakes, Rivers, and Hstwaries.—Dr. H. R. 
Mill, the Secretary of this Committee, stated that last year the Committee 
had been recommended to draw up its fourth and final report. The 
report which had been presented took the form of a discussion of the 
observations which had been made during the past three years chiefly 
through the agency of the various Corresponding Societies. Their Com- 
mittee had been appointed about the time when the Conference of Dele- 
gates had taken shape, and it was one of the first pieces of work recom- 
mended to be taken up. The object was to ascertain by observations, 
taken twice daily, the temperature of rivers, estuaries, and lakes in all 
parts of the kingdom. A very good beginning was made in England, 
Scotland, and Ireland, but unfortunately the Irish observations were 
not continued, some of the observers writing to say that they had com- 
menced observations but were tired of them, and others that they could 
see no good in them. The Cardiff Naturalists’ Society had distinguished 
itself by the energy with which the subject had been taken up. 
Dr, Mill exhibited a diagram which he had prepared, showing the results 
of two sets of observations, the first set made in the River Taff in the 
Castle grounds, and the second set in the Bristol Channel from one of the 
lightships. The curve drawn from ‘the first set showed the temperature 
during the winter months and the way it varied, falling greatly during 
cold weather and rising rapidly during warm weather. The curve drawn 
from the second set showed that the water in the Channel was generally 
at a higher temperature, and that it kept its temperature more uniformly. 
In fact the temperature frequently rose when the land temperature fell, 
and fell when the land temperature rose. The subject had also been in- 
vestigated by the Fishery Board of Scotland, whose report was being 
published. The observers at Rochdale and Oldham had also made an 
extremely valuable series of observations, some of which had been pub- 
lished by the Rochdale Society. The same thing had been done by the 
Manchester Geological Society in connection with the Oldham observa- 
tions to which he had referred. The Hast Kent Natural History Society 
had made careful observations in the River Stour, which were accom- 
panied by a series of reports drawn up by Colonel Horsley. These reports 
would be published im ewtenso. Observations had been made in the sea 
at Dover with the object of ascertaining whether any difference was pro- 
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duced by the current running from the North Sea to the Atlantic, 
or from the Atlantic to the North Sea, but the result was nega- 
tive. The complete list of local societies which had interested them- 
selves in the work was a very considerable one, and he mentioned only 
those whose contributions were most valuable. In addition to the Cardiff, 
Wast Kent, and Manchester Geological Societies, the Northamptonshire, 
Burton-on-Trent, and Rochdale Societies had all done admirable work. 
At Knaresborough one of the members of the Yorkshire Naturalists’ 
Union had made some of the most. interesting observations of all, because 
he had taken the readings in conjunction with the air temperature, and 
also the earth temperature, thereby bringing out in a very interesting 
way the great activity of the surface water in responding to changes in 
the atmosphere. This observer had also made a number of most admir- 
able observations under the ice during the severe winter of last year. 
He found that in the first spell of freezing the average temperature under 
the ice was under 34°, There was a thaw and another frost, and it fell 
to 33°. Another thaw followed, and then a third frost, and it was only 
during the third period of freezing that the average temperature of the 
water came down to 32°. It was very fortunate that the work of the 
Committee had been.extended over last year, and that the observers had 
met with such favourable conditions. He thanked the Delegates, the 
observers, and the Secretaries for the completeness with which the 
observations had been carried out. In several cases the observers had 
carried on the work on their own account, and he trusted that such 
observations would be continued and extended. Dr. Mill, in conclusion, 
expressed his willingness to render all possible assistance to such observers. 

The Chairman said that for some reasons he regretted that the work 
of this Committee had come to an end, but he thought that their efforts. 
had prepared the way for future organisation. He did not see why the 
Royal Meteorological Society, which dealt with the question of air and 
earth temperatures, should not deal with water temperature. Neither 
did he see why the Scottish Meteorological Society should not deal with 
this subject. He was inclined to hope that these two Societies might 
make some arrangement for conducting and co-ordinating such observa- 
tions. 

Meteorological Photography.—Mr. A. W. Clayden, the Secretary of this 
Committee, stated that although a large number of circulars had been 
sent to the various local Societies asking for contributions of meteoro- 
logical photographs very few had as yet responded. The majority of the 
photographs which had been sent had come from isolated observers. He 
therefore urged the Delegates to bring the subject before their Societies, 
with a view to securing organised co-operation. 


Section B. 


Inquiry into the Condition of the Atmosphere of Manufacturing Towns.— 
Professor Meldola said that he had received a letter from Mr. J. R. 
Ashworth, the Secretary of the Rochdale Literary and Scientific Society, 
asking whether it would be of use for the British Association to appoint: 
a Committee for this subject, which was attracting some attention in 
Manchester at the present time. 

Mr. Mark Stirrup said there was a Committee in Manchester busy 
collecting information with respect to the exceptional atmosphere of that 
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- town and its effect on vegetation and the health of the community.' The 


; 


investigation was going on, and the report would be published by the 
Society ; if any of the Delegates desired copies he would be happy to 
forward them on application. He suggested that other towns might be 
induced to carry on similar work. 

The Chairman said that the Manchester Corporation had recently 
started a meteorological observatory in the centre of the town under the 


_ guidance of Dr. Tatham. He referred to the use of ozone papers, which 


had been shown by chemists to be coloured by several other gases besides 
ozone. Thirty years ago he had made some experiments in London with 
identical test-papers, which had been exposed in different parts of the 
town. He found that, in whichever direction the wind blew, the air 
coming from the country always coloured the papers more or less, but 
air which had passed over the town always lost the power of colouring 
the papers. It appeared to him that some simple test of this kind was 
wanted if it could only be made reliable. Mr. Symons also called atten- 
tion to the fact that the Royal Horticultural Society had appointed a 


- Committee for investigating the atmosphere of London in relation to 


fog and plant life. 

Dr. Mill referred to the excellent work which the late Professor 
Carnelley had carried out in connection with the determination of the 
number of micro-organisms present in the atmosphere of rooms, &c. 


Secrion C. 


Geological Photography.—Mr. A. 8. Reid said that their Committee 
had met since the last Conference, and had arrived at certain conclusions, 
which would be made known in due course. They had applied for a 
grant for the purpose of mounting the photographs, and a systematic 
method had been agreed upon, so that the prints could be mounted and 
handled without injury. The subject of lantern slides had been men- 
tioned, but they had decided that the collecting of these did not come 
within their province. 

Earth Tremors.—The Chairman stated that this Committee had during 
the past year been collecting apparatus and diagrams of apparatus for 
recording earth tremors. They had not yet come to any decision as to 
the best form of instrument, and they would be glad of any suggestions 
from those interested in the subject.2 Application had been made for 
reappointment without a grant. 


Section D. 


Disappearance of Native Plants—The Rev. HE. P. Knubley reported 
that the Committee had been reappointed. From what had been said 


at the last meeting of the Conference he said that he might conclude 


that it was the wish of the Delegates that the reports from the North of 
England and Scotland should be incorporated in next year’s report. 
The Committee for investigating the Invertebrate Fauna and Cryptogamic 
Flora of the British Isles had not been reappointed. 

Destruction of Wild Birds’ Eggs—Dr. Vachell said that this subject 

1 The Town Gardening Committee of the Manchester Field Naturalists’ and 
Archeologists’ Society. The Secretary is Mr. Alfred Griffiths, 16 Kennedy Street, 
Albert Square, Manchester [Sec. Corres. Soc. Comm. ]. 

2 The Secretary of the Committee is Mr. C. Davison, 38 Charlotte Road, Bir- 
mingham. 
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had been brought forward at the meeting of the Sectional Committee, 
and a Committee had been recommended for appointment. It had been 
suggested to him by Professor Meldola that the action of the Committee 
might be strengthened if the matter were again brought under the 
notice of the local societies throughout the country through the Delegates 
at the present Conference, and he therefore detailed the facts which had 
led to the proposal for the formation of a Committee. In March 1890 
the Cardiff Naturalists’ Society had visited the island of Grassholme, 
and while there observing the habits of some of the wild birds a number 
of young men from one of H.M. steamships had landed and shot puffins 
and gulls, and wantonly destroyed a large number of the eggs. The 
affair had been fully reported in the ‘ Daily Graphic’ at the time. As there 
seemed to be a wholesale destruction of wild birds’ eggs going on, the 
matter had been brought forward last year in Parliament by Mr. Pease, 
and at the time he (Dr. Vachell) had done what he could to bring it 
under the notice of the local societies. He had also called the attention 
of their Members of Parliament to the subject, but the latter had taken 
the view that it was not very serious, and that when boys were home for 
their holidays they could not be prevented from taking birds’ eggs. 
Mr. Pease’s Bill proposed to render the destruction of wild birds’ eggs 
prohibitory under a penalty not exceeding 5s. each egg, and left action 
to county councils in England and the magistrates and quarter sessions 
in Ireland. They did not wish to pin themselves to the exact text of 
Mr. Pease’s Bill, but they wanted some legislation for the better pro- 
tection of wild birds’ eggs. He therefore moved: ‘That a Committee be 
appointed to take steps for furthering legislative enactment for the better 
protection of wild birds’ eggs.’ ! 

Mr. Mills was opposed to the resolution, because in his opinion there 
were a great many birds which did harm. He thought that it was neces- 
sary for the welfare of the country and the preservation of game that 
such birds should be destroyed. 

Professor Leipner said it was not proposed to include all birds in the 
Bill; it left liberty of action to the county councils, and he was in favour 
of its becoming law. 

Mr. Chisholm Batten expressed his belief that there would be some 
difficulty in getting the law efficiently carried out. 

Mr. Hembry approved of the resolution, and said that some good 
would be done even if the law were only partially carried out. 

The Chairman pointed out that there had, no doubt, been an abuse, 
and it should, if possible, be checked. The proposal was as yet in its first 
stage, and all action would rest with the county councils and the justices, 
to whom he thought the proper administration of the law might very 
well be left. Asit stood, the proposal did not appear to him to do harm to 
anybody’s interests, and it did not follow that because such a law might be 
in existence any person who took a bird’s egg would necessarily be fined 5s, 

Mr. Slater remarked that gamekeepers were in the habit of destroy- 
ing birds of prey because the latter destroyed the game. The balance of 
nature was thus upset, and the small birds allowed to increase and to 
destroy the crops. 


1 The following is the resolution passed by the General Committee: ‘ That 
Mr. Thomas Henry Thomas (Chairman), Dr. C. T. Vachell (Secretary), Professors 
W. N. Parker, Newton, and Leipner, Mr. Poulton, and Canon Tristram be a Com- 
mittee to consider proposals for the Legislative Protection of Wild Birds’ Eggs.’ 
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Dr. Vachell said that the proposal to form a committee had been 
seconded in Section D by Canon Tristram, who had strongly advocated 
three Bills which had passed through the House of Commons, and whose 
extensive practical knowledge of the subject was beyond question. 

The resolution was finally put to the meeting and carried with one 
dissentient. 

Popularising of Natural History Studies—Professor Merivale said 
that it might interest the Delegates to learn what was being done in 
Neweastle to popularise natural history, especially among young people. 
They had a ‘ Dicky Bird Society,’ numbering some 220,000 members, 
and articles were published from time to time in the ‘ Newcastle Weekly 
Chronicle.’ One hundred and twenty species of birds had already been 
described and illustrated, and the whole series, when complete, would be 
republished in a separate form. 

Mr. Sowerbutts also alluded to the useful dissemination of geo- 
graphical and zoological knowledge through the same publication (‘New- 
castle Weekly Chronicle’), and spoke in high terms of the illustrations, 
which, especially in the case of the birds, had been executed with 
remarkable success by some photo-mechanical process. 

Botanical Demonstrations for Teachers. — Professor Leipner called 
attention to this subject, and invited all teachers in public, private, and 
Board schools to attend two demonstrations at University College, 
Bristol. His plan was to select three or four familiar wild flowers and 
demonstrate their structure by means of diagrams on the blackboard. 
The experiment had been tried one year, and had been so successful that 
he had been asked to repeat it a second year. 


Section H. 


Description of Museum Specimens.——Dr. Garson said that it was very 
necessary for all workers in anthropology to know where specimens were 
preserved, especially in the case of local museums. It was sometimes 
impossible to visit these museums personally, and the best thing under 
the circumstances was to have a good description of the different speci- 
mens. This was a subject which the members of local societies might 
very well take up. Not only should the implements and other finds be 
described, but the conditions under which they were found should be 
carefully and completely recorded. 

Registration of Prehistoric Remains.—Dr. Garson announced that this 
Committee, of which Mr. J. W. Davis was the secretary, had been re- 
appointed. He urged upon the Delegates the importance of assisting in 
this work, and asked those who desired information as to the method of 
recording to communicate with Mr. Davis. 

Aid in Anthropological Exploration—Dr. Garson made some further 

remarks on this subject in continuation of the observations which he had 
made at the last Conference. He said that there was a general notion 
that in the case of human remains the skull was the only part of the 
skeleton worth preserving. This was a great mistake. The skull 
was undoubtedly valuable, but no less valuable were the other parts of 
the skeleton, particularly the long bones and the pelvis. Great care 
should be taken to preserve all bones and to keep the bones of each 
skeleton separate, so that the stature and other characteristics of each 
individual skeleton could be ascertained. It happened sometimes from 
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want of knowledge on the part of those engaged in excavations that 
after the exploration was completed all the bones except the skull had 
been reinterred. In some cases sentimentality came into question, and 
he instanced a case where, in deference to the wishes of the proprietor’s 
wife, some extremely valuable remains had been reinterred and thus lost 
to anthropological science. He recommended skeletons to be sent to 
anthropological museums in preference to being preserved by individuals. 
Thus he knew of a case where at the death of the excavator some valuable 
skeletons he possessed were buried by his executors, and would have been 
entirely lost but that a friend of his having heard of the circumstance 
promptly dug them up, and they were now in an anthropological 
museum. 

Mr. Kenward said that, with reference to the registration of ancient 
remains, it would be a good thing if Mr. Davis would issue a short circular 
of instructions, so as to secure uniformity of results. He mentioned that 
the Society of Antiquaries had been working in the same direction and 
had appointed local secretaries in different parts of the country. 

The Rey. J. O. Bevan also expressed a desire for information respect- 
ing the best form of prospectus to issue on behalf of the Woolhope Club, 
which, as he had stated at the last Conference, had decided to take up 
the subject of the registration of ancient remains. 

The Chairman remarked upon the desirability of having uniformity 
of method in this work, and thought that the Society of Antiquaries 
would be the most efficient bod y for organising the whole system. 

Dr. Garson agreed with this, and, in reply to a question by Mr. Ken- 
ward, he stated that the simplest means of estimating the stature of a 
body from the remains was to measure the femur and the tibia, making .« 
the measurements with extreme care and using the metric system. The 
spike on the upper surface of the tibia was not to be included in the 
measurement, and the femur was to be measured along its greatest length, 
the head and inner surface of the lower end of the bone lying in the same 
plane. 


Interchange of Publications—Among subjects of general interest dis- 
cussed at the Conference was the importance of the Corresponding 
Societies freely interchanging their Transactions, Proceedings, and other 
publications. It was pointed out that, while printing, the additional cost 
of an extra 50 or 100 copies would be very trifling. Many of the Corre- 
sponding Societies are already in the habit of sending their publications 
to kindred Societies. The Hampshire Field Club deposits all such 


publications in the Southampton Public Library, so as to render them 
_ freely accessible. 


On the motion of Mr. Holgate a vote of thanks was passed to the 
Chairman for presiding at the Conferences. 


The Committee recommends the addition of the following Societies to 
the list :— 

1. The Federated Institution of Mining Engineers. 

2. The Liverpool Geographical Society. 


On the other hand it has to announce the withdrawal of the Royal 
Scottish Geographical Society.- 


1 Communications for the Committee of Aid to be addressed to the Secretary of 
the Anthropological Institute, 3 Hanover Square, London, W. 
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Report of the Committee, consisting of Lord McLaren (Chairman), 
Professor CruM Brown (Secretary), Dr. JoHN Murray, Dr. 
A. Bucuan, the Hon. RALPH ABERCROMBIE, and Professor CoPE- 
LAND, appointed for the purpose of co-operating with the Scottish. 
Meteorological Society in making Meteorological Observations on 
Ben Nevis. (Drawn up by Dr. A. BucHay.) . 


Dorin the past year the hourly eye observations by night and by day 
have been made at the Ben Nevis Observatory without interruption by 
Mr. Omond and the assistants. At the Low Level Observatory at Fort 
William, the continuous registration and other observations have been 
also successfully carried on as detailed in last year’s report. 

The Directors have been again indebted to Mr. R. C. Mossman, 
F.R.S.E., Mr. Drysdale, M.A., Mr. Craig, Mr. H. F. Rankin, and Mr. 
Stewart, B.Sc., from Professor Tait’s Laboratory, who have generously 
given their services as observers for periods varying from four to eight. 
weeks during the winter and summer months, thus extending much- 
needed relief to the regular members of the observing staff. 

For the year 1891 the following were the monthly mean and extreme 
pressures, temperatures, hours of sunshine, amounts of rainfall, number 
of fair days, or days of less than 0-01 inch of rain, at the Observatory, the 
mean pressures at the top of the Ben being reduced to 32° F. only, while 
those at Fort William are reduced to 32° and sea-level (see table next 

age) :— 

; The mean temperature of the whole year at Fort William was 47°-0, 
being 0°-2 under the mean of previous years. This was the deticiency 
in the temperature of 1891 over a large district surrounding Fort William. 
On the other hand, the mean temperature at the top of the mountain was 
31°°3, or 0°83 above the average of the year. The mean temperature at 
the top as compared with the bottom of the mountain was thus half a 
degree relatively warmer, and it may be noted that this excess of the 
annual temperature held good in insular situations to the west and south- 
west from Barrahead to Islay. 

The lowest mean monthly temperature occurred at both Observatories 
in March, the mean at the top being 20°-0 which was also the mean for 
January 1586, this being the lowest monthly mean since the Observa- 
tory was opened. The highest monthly mean at the top was 43°1 in 
June, and at Fort William 57°-7, also in June. The general character 
of the weather for the year was anti-cyclonic, with therefore a large 
amount of sunshine, and for the time of the year a small difference in 
the temperatures at the two Observatories. The temperature of February 
was very high, and the weather exceptionally fine. At Fort William 
temperature was 4°-1 above the average, but at the top the average was 
exceeded by 7°°5. This was by far the mildest winter month hitherto 
experienced by the observers. The weather was largely anti-cyclonic, and 
on many occasions the atmosphere was unusually dry, and temperatures 
were higher at the top than at Fort William at the same time. Conse- 
quently the difference between the mean temperatures at the top and 
bottom was unprecedentedly small, being indeed only approached in this. 
res; ect by the singularly fine month of June 1887. 

The maximum temperature for the year was 64°°9 at the top, and 
79°°9 at Fort William, both in June; and in February temperatures of 


Ben Nevis Ob- 5 10 12 19 11 18 Dadiet E 3 7 8 7 | 106 
servatory | | | 
Fort William 8 9 13 21 18 19 | 14 / 5 5 8 10 8 138 
Number of Days 1 in. or more fell. 
Ben Nevis Ob- 6 4 5 0 1 5 2 ips) Orel eG) eve 6 1. 9 68 
| servatory | | 
Fort William 3i =| 33 1 0 0 0 0 2 3 i 1 4 18 
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1891 | Jan. | Feb. [March April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Year 
Mean Pressure in Inches. 
Ben Nevis Ob- | 25°325| 25°656| 25°119| 25°373) 25°230| 25°554) 25°381! 25-188) 25-294| 25-049) 25-158 ree 25°204 
servatory 
Fort William | 29:989) 30°303) 29°782) 29-999] 29°794| 30:054| 29°886] 29-659] 29°792| 29°601/ 29°751| 29°675 29'857| 
Differences .| 4°664] 4°647| 4°663| 4°626| 4°564| 4°500| 4°499| 4°471| 4°498| 4°552| 4°593] 4:588] 4-563 
Mean Temperatures. 
° ° ° c ° ° ° i} ° ° ie} °o | c 
BenNevisOb-| 23:2 | 30°6 | 20:0 | 24:1 | 29:9 | 43:1 | 40:7] 39:0] 88:8 | 31:5 | 28:0 | 2641 31:3 
servatory 
Fort William | 38°4 | 43°1 | 37°9 | 42:6 | 47:7 | 57:7 | 57:0 | 56:0 | 54:2 | 47:5 | 41:2 | 40°8 | 47-0 
Differences 152 | 125 | 17°9 | 185 | 17°83 | 146 | 183 | 17:0 | 15°4 | 16:0 | 13:2 | 14-4) 15°7 
Extremes of Temperature, Maxima. 
° ° ° ° ° ° ° ° ° ° | ° | 
Ben NevisOb-| 38:1 | 43:7 | 40°0 | 35:9 | 46:1 | 64:9 | 52°8 | 49:1 | 59°0 | 44:3 | 50°6 | 35°83 64:9 
servatory | | | | 
Fort William | 51°0 | 56:2 | 54:8 | 55°1 | 71:4 | 79°9 | 73°5 | 72:0 | 74:8 | 60:0] 56°9 | 55:8 799 
Differences .| 12°9 | 12°5 | 14:8 | 19'2 | 25°3.| 15:0 | 20°7 | 22°9 | 15°8 | 15°7 6:3 | 20:0 | 15°0 
Extremes of Temperature, Minima. 
- ° ° ° ° | ae | ao Oe. | fa tea te Saat ehare ta lott IfeRo 
BenNevisOb-| 11°5 | 181 | 56] 158 | 14:3 | 27:2 | 291 | 288 | 27-9 | 22:4 | 187) 161! 5:6 
servatory | | | | 
Fort William | 22'7 | 28:9 | 172] 28:0 | 31:0 | 36:0 | 44:0 | 364 | 35°4 | 268 | 23°8 | 26'8 | 17:2 
Differences .| 11°2 | 10°7 | 11:6 | 12:2 | 16:7| 881! 14:9 765 73D | 4:4 5:1 | 10-7 | 11°6 


Rainfall in Inches. 


| Ben NevisOb-| 14:20| 15-09) 14:78| 2°50/ 7:00) 7:51) 10°53{ 19°16] 43°55 | 14°34 11°88] 17:48 |178°02 
| servatory | | 
Fort William | 7:88) 7:42) 4:37| 1:41) 2¥%0| 3:27) 3:68) 837] 1302 9°38) 6:01] 11°80 | 78°81 
Differences 6°32] 7-67| 10°41} 1:09) 4°80) 4:24] 685) 10°79| 30°53! 4:96]; 5:87) 5:68| 99:21 


Number of Days of no Rain. 


Ben NevisOb-| 14 87 | 92 109 | 104 ) 212 | 
servatory | 


84 | 44 46 61 31 ia 908 


Fort William 24 56 | 122 159 | 182] 2 


3 116 | 92 78 98 25 10 | 1,220 
Differences .| 10 | —31| 30 50 78 2 32 


48 32 37 --6 |—14| 312 


43°°7 and 56°-2 were recorded at these places respectively. The minimum 
temperature at the top was 5°°6, and at the bottom 17°-2, both in March. 
This gives for the top the unusually large range of 59°-3 of temperature 
for the year at the top of the Ben, being nearly 10°-0 larger than for the 
previous year. It may be here added that the minimum temperature re- 
corded since the Observatory was opened was 3°°5 on March 27 at 6 a.m. 
of the present year. 

The registrations of the sunshine-recorder show 908 hours out of a 
possible 4,470 hours. In 1890 the number was only 591 hours. In1891 
the maximum was 212 in June, and the minimum 14 in January. In 
February the unusually large number of 87 hours was recorded for this 
winter month, this being 31 hours greater than the sunshine at Fort 
William. At Fort William the number of hours for the year was 1,220, 
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being 312 hours in excess of the number of hours registered at the top. 
It may be pointed out that the number of hours of possible sunshine is, 
particularly in winter, considerably greater at the top than at Fort 
William, which is enclosed by hills. 

The rainfall for the year was 178-02 inches ; in 1890 the amount was 
198°34 inches. These are by considerable amounts the heaviest annual 
rainfalls yet observed. At Fort William the amount was 78°81 inches, 
or nearly 100-00 inches less than on the top of the mountain. Hence 
while the rainfall at Fort William was the average, that of Ben Nevis 
was 24 per cent. above the average. The rainfall of September was 
phenomenal, amounting at the Observatory to 43°55 inches; the amount 
for the same month at Fort William being 13°02 inches. One inch of 
rain or upwards fell on each of 16 days of the month, and on the Ist 
4-95 inches were recorded, and 3°37 inches on the 2nd. It is remarkable 
that during the extraordinarily heavy rains near the east coast on the 
20th and 21st, the rainfall at the top of Ben Nevis was light ; and on the 
other hand, while practically no rain fell in the east on the 17th, 18th, 
and 19th, the rainfall on the Ben amounted to 4:05 inches. At several 
of the stations of the Scottish Meteorological Society the rainfall over 
this part of Scotland was fully double the average of the month; but at 
the Observatory it was three times the average. 

The number of days un which the rainfall was nil, or less than the 
hundredth of an inch, was 106, there being oniy one fair day in August, 
but the unusually large number of 19 fair days is reported in April, and 
18 in June. At Fort William there were 138 fair days during 1891, and 
in April, May, and June 21, 18, and 19 are respectively recorded. 
Again, while at Fort William at least an inch of rain fell on 18 days 
during the year, there were 68 such days at the top of the Ben; and 
while at Fort William there was an entire absence of such wet days in 
April, May, June, and July, only in April at the top was no such wet 
day recorded. 

At Fort William the mean atmospheric pressure was 29°857 inches, 
or 0-030 inch above the mean pressure. The monthly extremes were, 
the maximum 30°303 inches in February, and the minimum 29-601 inches 
in October, these being 0°328 inch above and 0°219 below the means 
respectively. 

On the suggestion of Mr. J. Y. Buchanan, who has recently been 
examining some phases of the hygrometry of Ben Nevis in connection 
with the cloud and fog observations, it has been agreed to institute a 
systematic series of observations, having for their object a careful record 
of the height above sea-level of the lower surface of clouds that from 
time to time cover the side of the mountain facing Fort William. The 
importance of this new series of observations will be recognised when the 
large portion of the year the Observatory is enveloped with a completely 
saturated atmosphere is taken into consideration. 

Mr. R. C. Mossman has investigated the remarkable squall which 
occurred in the British Islands on the morning of February 1, 1892. 
The more important of the results are the rapid rate, about forty miles an 
hour, with which it swept over the country from N.W. to S.E., the sud- 
den fall and equally rapid rise of pressure being at many places fully six- 
hundredths of an inch, the sudden great fall of temperature fully ten 
degrees at many places, and the sudden change of wind. These features 
are well marked in the Ben Nevis observations, which show well, among: 
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other points, the great height in the atmosphere the squall reached, bear- 
ing in its train totally changed conditions of temperature and moisture. 
Mr. Mossman has been engaged in discussing the remarkable series of 
observations made by Mr. Wragge in 1882 at eight stations well dis- 
tributed up the slopes of Ben Nevis from Fort William to the top. The 
work is so far advanced as to indicate the important bearing of the re- 
sults as regards the vertical distribution of pressure, temperature, and 
moisture during the changes of weather of that year. 

Steps have been taken to make the observation of dust particles in the 
atmosphere part of the regular work of the Observatory. Hight observa- 
tions are made daily, and as each of these eight is the mean of ten, there 
are really eighty of these observations made every day. The observa- 
tions now accumulated amply confirm the tentative results given in your 
Committee’s last year’s report, as showing a well-marked diurnal varia- 
tion. Further, dry, thick fog is shown to contain a great amount of dust, 
but thin, wet mist very little. It is when a thin drizzling mist envelops 
the summit that the lowest values are obtained, and the all-important 
observation has been made, after consulting the daily weather maps of 
Europe at the time, that the winds differ in direction 90°, or even more, 
from the winds then prevailing near sea-level. In other words, the 
drizzling and practically dustless winds blow out from a shallow cyclone 
overspreading this part of Europe at the time. The significance to 
weather forecasting of these different types of wind, as regards dustiness, 
or dustlessness, to the cyclones and anti-cyclones prevailing is too evident 
to call for further remark. 

In your Committee’s last report, expression was given to a desire that 
a system of special observations on the hygrometry of the atmosphere be 
instituted at the two Observatories, with the view of arriving at some 
accurate knowledge of the absolute amounts of aqueous vapour at differ- 
ent heights under the different weather conditions. With reference to 
this, the Directors of Ben Nevis Observatory report that the University 
of Edinburgh has awarded the Scholarship placed at their disposal by the 
Commissioners of the Exhibition of 1851 to Mr. A. J. Herbertson ; and 
that the research to which he will devote his attention during the two 
years he holds the scholarship is the hygrometry of the atmosphere, and 
it is understood that the investigation will begin at Ben Nevis Observa- 
tory, and will proceed on the lines indicated by the Directors. 

During the past year Mr. Omond has been engaged in an important 
inquiry into the relations of the Ben Nevis High and Low Level Observa- 
tories to the cyclones and anti-cyclones, or the weather changes of the 
British Islands. In this large inquiry the instances dealt with are 
arranged into eight groups, according to the direction, N., N.E., E., &e., 
of the gradient from Ben Nevis in the direction of the cyclone or anti- 
cyclone. To these are added two groups, first when Ben Nevis is inside the 
highest isobar ; and second, when it is inside the lowest isobar; in other 
words, when the Observatories are approximately either in the centre of 
an anti-cyclone or of a cyclone. 

Dr. Buchan is investigating the observations at the two Observa- 
tories during February and September, 1891, in their relations to the 
changes of weather. These two months havebeen selected owing to the 
exceptional character of the weather which prevailed, and the admirable 
illustrations afforded of the more striking meteorological conditions, and 
meteorological contrasts of the two Observatories, and other striking 
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meteorological phenomena already referred to in our previous reports. <A 
considerable proportion of the observations beginning with July 1890, 
when the Low Level Observatory was fully equipped, having been re- 
arranged on daily sheets, on which hour by hour the double set of obser- 
vations are contrasted, and the changes noted from each hour to the hour 
following. These changes are then compared with the bi-daily weather 
maps of the Meteorological Council, and more particularly with the 
observations made at the stations of the Scottish Meteorological Society, 
which include the valuable observations made at the northern lighthouses 
of storms of wind and rain, and other phenomena, which are made night 
and day by the keepers of the lighthouses. 


Seventh Report of the Committee, consisting of Professor FITZGERALD 
(Chairman), Professors H. E. ARMSTRONG and O. J. LODGE (Seere- 
taries), Professors Lord KELvin, Lord RayLeicu, J. J. THOMSON, 
A. ScuusTer, J. H. Poyntinc, A. Crum Brown, W. Ramsay, 
E. FRANKLAND, W. A. TILDEN, W. N. Hartiey, S. P. THOMPSON, 
W. C. Roserts-Ausren, A. W. Ricker, A. W. REINOLD, G. CAREY 
Foster, and H. B. Dixon, Captain W. pe W. Asney, Drs. J. H. 
GLaDsTong, J. Hopkinson, and A. J. FLEMING, and Messrs. W. 
CROOKES, SHELFORD BIDWELL, W. N. Suaw, J. Larmor, J. T. 
Botrom.Ley, R. T. GLAZEBROOK, J. Brown, E. J. Lovr, and 
JoHN M. THomson, appointed to consider the subject of Electro- 
lysis in its Physical and Chemical Bearings. 


Tue document referred to in last year’s report as being drawn up by the 
Rev. T. C. Fitzpatrick, of Christ’s College and Cavendish Laboratory, 
Cambridge, is now nearly finished, and represents a great amount of labour, 
for which the best thanks of the Committee are due to the compiler. It 
consists of a table summarising the results obtained by many experimenters 
on the electro-chemical properties of solutions in water, and gives, for 
various concentrations, the conductivity, migration, and viscosity data 
of a great variety of salts. It will be printed in next year’s report. 

The work of the active members of the Committee is proceeding, but 
it is not in a condition for annual reports. In the opinion of the members 
present at a meeting held in Edinburgh it was thought best to suspend 
the official existence of the Committee for a time in order to be able to 
make a more full and satisfactory report on the progress achieved after 
the lapse of a few years. They therefore do not at present ask for reap- 
pointment. 


Report of the Committee, consisting of Professor O. J. LopGE, 
Mr. A. P. Caarrock, and Professor G. CAREY Foster, appointed 
to investigate the phenomena accompanying the Discharge of 
Electricity from Points. (Drawn up by Mr. A. P. CHaTTOCK. ) 


Durine the past year a large number of experiments have been made 
on the passage of sparks between points and flat plates, especially with 
regard to the differences exhibited by the two kinds of electricity in this 
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respect. It was hoped that the results thus obtained would have been 
sufficiently complete to submit to the meeting this year, but owing to 
unavoidable delays in carrying out the experiments this is not the case. 
The main conclusion, however, appears, so far, to be that in the formation 
of sparks the anode is a far more important factor than the cathode, 
disturbing influences having little or no effect when applied to the latter, 
though they may prevent the passage of sparks altogether if applied to 
the anode. This is in accordance with Lehmann’s recently described 
experiment on the effect of a strong blast of air upon sparks. It is also 
borne out by experiments now in progress on ‘the critical distance 
between a point and a plate at which discharge from the point changes 
from the form of a silent glow to that of a spark, the distance being 
appreciably greater when the point is the anode than when it is the 


_ cathode, 


Another line of investigation, which was indicated in last year’s 
report, has been followed up in the attempt to measure the ratio of the 
mass of the gas molecules concerned in carrying a current of electricity 
to the quantity of electricity carried. The discharge being arranged to 
take place convectively along a non-conducting tube of uniform bore, the 
slopes of mechanical pressure and electrical potential along its axis are 
determined. The apparatus for this purpose bas undergone many 
changes, chiefly on account of the difficulty experienced in bringing the 
electrometer to the potential of that part of the tube with which it is 
connected. Stationary conductors within the tube were found to be 
unreliable for this purpose, and a modification of the well-known ‘ water- 
dropper’ has therefore been adopted in the latest form of the instrument. 
The slope of potential is measured by observing the differences of 
_ potential between successive pairs of positions one centimetre distant 
from each other along the tube. The electrometer has thus to measure 
small differences of potential at a high mean potential with respect to the 
earth. For this purpose an instrument has been specially designed, from 
which the leakage to earth seems negligible. To obtain the slope of 
pressure in the discharge tube the motion of an indiarubber diaphragm, 
separating two air-tight chambers, is observed, the chambers being 
connected, like the terminals of the electrometer, to successive pairs of 
points along the tube, and the movement of the diaphragm being 
magnified optically. A difference of pressure of about five dynes per 
square centimetre causes a movement of one scale division in the present 
instrument, and this is found to be quite sufficient for the purpose. 
With this apparatus it is hoped that reliable results will shortly be 
obtained. 

Finally, preparations are being made to extend the measurements 
already obtained of the strength of field at a discharging point to higher 
than atmospheric pressures. For this purpose a powerful compression 
pump and a strong discharge chamber are being constructed. Upon the 
assumption that discharge occurs by the breaking down of electrically 
polarised molecular chains in the gas, it is possible to obtain from such 
measurements another rough estimate of the value of the electrical charge 
associated with a gas atom, by extrapolating to the pressure at which 
the gas molecules are brought close together. It seems desirable to 
obtain all the evidence possible which bears upon this important point. 

Your Committee ask for reappointment without a grant. 
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Second Report of the Committee, consisting of Professor Livzine, 
Dr. C. Prazzt Smyrx (Secretary), and Professors Dewar and 
Scuustsr, appointed to co-operate with Dr. C. Prazzi Suytu in his 
researches on the Ultra-violet Rays of the Solar Spectrum. 


THE present report is on the proposed experiments (from September, 
1891, to January, 1892) for enabling Dr. C. Piazzi Smyth to improve 
certain points in the taking of his solar-spectrum photographs in the 
ultra-violet by aid of additions to the apparatus obtained through means 
of a grant from the British Association at Leeds in 1890. 

The Report continuates the last one by the same committee, as 
printed in the British Association’s Cardiff volume of 1891, at pp. 147 
and 148 thereof, said space being then taken up with little more than 
descriptions of what the apparatus, then only just finished, was intended 
for. Now, however, a sufficient amount of experiments have been obtained 
to allow the results to be classified and collated under three several 
heads, or thus :— 

(1) Improved focussing means for setting the focus of the viewing, 
or photographic telescope, both more accurately and easily as well, 
from previous book-record, rather than from renewed eye-and-hand 
observation on every occasion. This was carried out mainly and success- 
fully by supplying wheels ten inches in diameter, and nicely graduated 
on their circumferences, to either end of the ordinary axle of pinion- 
movement of the focussing tube, taking care also to turn the said pinion 
at the last moment in the direction of increasing the readings and noting 
what they were. This record method of focussing, too, it is believed, is 
one which will be found of very general application, and much used every 
coming year, now that photography is continually substituting more and 
more the observer’s eye and hand, with almost all kinds of optical notation 
of luminous phenomena. 

(2) Improved magnifying means were next required for the viewing, 
and equally photographing, telescope. The chief feature necessary here 
was a large field with the increased magnifying power, and was given to 
a considerable extent by a grand Barlow-achromatic concave lens placed 
inside the usual telescope tube, by Messrs. T. Cooke & Sons, of York. 

For mere magnifying, however, wherever the part of the spectrum 
under examination permits it without other addition, I have since then fally 
made up my mind that the second order of Professor Rowland’s later and 
unprecedentedly fine Gratings from his new ruling engine, give sharper 
magnifying to the spectrum than any lens I have experimented with. 

But they give it in a different way, 7.e. the second orders of Grating’s 
spectra do ; for they magnify only in one direction—that of separation— 
while a lens magnifies in a direction at right angles to that also. That 
feature is no doubt so much the worse for the lens, because it weakens 
the intensity of a continuous spectrum operated upon by it. But then 
there is another feature which is bad for the second, or any subsequently 
still more magnified, spectrum-order of a Grating, viz. that they admit 
the red light of a previous order in the middle of their own violet ; unless 


some possibly very absorptive liquid be employed to stop such red light 
where it is not wanted. 
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Now Messrs. Cooke’s Barlow concave lens wants no help of that kind, 
for it was constructed to magnify the first order of spectrum only, and 
that has no red light of any other order intruding into its own ultra- 
violet, or requiring some chemical liquid to dull its potency. Hence I 
have actually found that I have been able to carry Messrs. Cooke’s lenti- 
cular magnifying of the first order of a Grating’s spectrum, four plates 
further into the invisible, than I was able to do with the second order of 
the very same Grating’s spectra, assisted in various chromatic modes. 
As an illustration of which I beg to append a list of spectrum photographs 
so obtained last autumn. 

(3) Lastly, my attention was kindly and earnestly directed by 
Professor Liveing to keep on the look-out for possible changes in some 
part or parts of the solar spectrum, depending on time and date only, 
especially if their origin should appear to be in the Sun. 

Now it did so happen one morning that one of the glass negatives of 
the H and K region of the solar spectrum did show a very strange and 
anomalous difference from all the others, so different indeed that my 
first impression was to throw it away as irretrievably spoilt by some acci- 
dent. But on considering what such an accident could be, or how it 
could be reproduced if desired, I was still more confounded and non- 
plussed. Having, moreover, Professor Liveing’s letter still before me, 
the most respectful course seemed to be, on second thoughts, to describe 
publicly how the anomaly brought itself forward so far as I knew, and to 
leave gentlemen with more experience than myself to form their own 
opinions, either for or against its being anything important. 

Now the main point of the anomaly is, that the whole space between 
H and K is bright, while that outside them is dark, even very dark. To 
understand which feature thoroughly and in the terms worked in by 
Nature, it was necessary that there should be several plates employed, and 
each of them should show, not only the whole space between those giant 
lines or bands, but at least as much more on either side. 

Moreover, as good definition does not continue to hold all along even 
so small a plate of glass as a quarter size, but has to be set and reset 
several times in its course, while the appearance of the lines alters almost 
radically on account of the mere curvature of the field, I enclose in an 
album case in the first place thirteen ordinary photographs of the Hand K 
lines, taken at successive foci all across the field, and then three various 
impressions from one and the same anomalous photograph, No. 14; 
following that by Nos. 15 and 16, ordinary, but focussed to the right, 
views: the whole eighteen now exhibited being enlarged on paper to six 
times the size of the glasses, for convenience of examination. And I 
should perhaps duly forewarn all and sundry that ‘ date’ plays no part 
in the arrangement of this bundle of repetitions of the H and K lines—only 
the continual progress from left to right of the place of sharpest definition, 
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Second Report of the Committee, consisting of Mr. G. J. Symons 

(Chairman), Professor R. Mztpoua, Mr. J. Hopkinson, and Mr. 

A. W. Craypen (Secretary), appointed to consider the applica- 

ae of Photography to the Elucidation of Meteorological 
Phenomena. (Drawn up by the Secretary.) 


Your Committee report that the work has been continued during the past 


_ year on the lines laid down in the Report for 1891, 


Considerable additions have been made to the number of observers 


_ from whom assistance may be expected, in spite of the removal of several 
- names from last year’s list. 


The total number of photographs received up to July 23 was 361, 
representing a variety of phenomena, but chiefly illustrating the results 
obtainable in cloud photography by various methods. This number, 
however, does not adequately represent the progress made, for many 


_ other photographs have been promised, and will in all probability be 


— 


[ee ——eEEeEeEeEeEE—EEEe 


‘received in a few weeks. 


The adoption by the majority of the International Meteorological 
Congress at Munich of the classification of clouds, proposed by Messrs. 
Hildebrandson and Abercromby, suggested to your Committee that it 
would be well for them to adopt it, at least provisionally. They cordially 
agree with the action of the English delegates at the Congress in 
opposing the acceptance of a system which is entirely empirical; but 
since the great majority of foreign meteorologists have determined tc 


_ employ it, your Committee consider that they should adopt it provision- 


ally. They think it will be well to follow the example set by other 
countries until the further study of cloud-forms, and their relation to one 
another, render it possible to make a more scientific code. 

Arrangements have therefore been made for the cataloguing of the 
collections of meteorological photographs in the possession of the Royal 
Meteorological Society, and of the Chairman of your Committee. 


PHOTOGRAPHS OF LIGHTNING, 


Very few new photographs have been sent in as yet, but from Mr. 
J. H. Bateman two of great interest have been received. Following the 
suggestions in the instructions issued last year, two cameras were em- 
ployed, the first being stationary, and the second moved rapidly from 
side to side. The plate exposed in the fixed camera shows four flashes, 
while the one which was moved shows six. A flash which is single or 
the fixed plate is resolved into three on the moving plate, showing that 
the flash did consist of a series of discharges along much the same , path, 
The absence of reduplication in the others points to the conclusion that 
they were single. Two of these single flashes occupy exactly the same 
relative positions on the two plates, showing that they must have been 
simultaneous. 

Your Committee regret that there should have been no opportunity of 
carrying out any further experiments upon the phenomena presented by 
lightning photographs. However, recent discoveries concerning high- 
tension discharges ought to elucidate the subject. Thus it seems highly 
probable that the hazy continuous luminosity shown. by many photo- 
graphs may be due to the flame of burning nitrogen. 

Before leaving the subject of lightning, it may be pointed out that in 
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Mr. Bateman’s photographs the narrow ribbon structure in each flash is 
not more pronounced in the moving photograph than in the one which was 
stationary. 

The Royal Meteorological Society has received several new photo- 
graphs of lightning. They all show the narrow ribbon structure; one 
shows reduplication of the images of some chimneys as well as the flash, 
while another shows a bright flash and several dark ones. Of this last 
Mr. Robert Law, who took the negative at Melbourne, remarks that there 
were two flashes, the second reversing the image of the first. 


MerHops or CLoup PHOTOGRAPHY. 


The information at the disposal of your Committee does not, as yet, 
seem sufficient to enable them to pronounce definitely in favour of any 
one method as the best. They have made some progress in ascertaining — 
the methods adopted abroad, and also in experimertal work at home. 
The subject divides itself naturally into two sections, dealing respectively 
with cumulus or heavy clouds, and with cirrus or other light clouds. 

Cumulus.—With all heavy clouds it is certain that admirable results 
may be obtained with a little practice in adjusting the stop and length of 
exposure. So far as the quality of the results obtainable is concerned, 
there does not seem to be any manifest advantage in the use of a coloured 
screen, of a black mirror, of specially slow, or of orthochromatic plates. 
Nevertheless, it is quite certain that results of a given excellence are 
more easily obtained on a slow plate with a strong developer considerably 
restrained. It is equally certain that the use of the coloured screen, or 
of the black mirror, renders the process easier still. 

With correct exposure and careful development it should not be 
necessary to resort to intensification of the image. If some such treat- 
ment should be required, inexperienced observers should be warned that 
in the use of mercurial salts it is well to keep the plate in constant 
movement while in the mercury bath, in order to avoid undue granulation 
of the image. 

Cirrus.—Those who have made a special study of the photography of 
thin clouds appear to be agreed that in order to bring out all the details 
of their structure some special device must be adopted. 

By extremely nice adjustment of the exposure and subsequent intensi- 
fication of the image, very fair results can be sometimes obtained ; but the 
process is difficult, and only practicable in experienced hands. 

Dr. Riggenbach, who first described the black mirror device, recom- 
mends that exposure should be so arranged that the sky leaves practically 
no impression on the plate, while the thin image of the cloud must be 
intensified by means of Schlippe’s salt (sulphantimoniate of soda). 

M. Angot, in a report presented to the Meteorological Society of 
France, remarks that a black mirror is only advantageous when the | 
cloud is about 90° from the sun. In theory this is of course correct, 
but the Secretary to your Committee has found that there is a manifest 
practical advantage in its use for all parts of the sky, including even the 
immediate neighbourhood of the sun itself. M. Angot then goes on to 
say : ‘The best results are obtained by coloured screens, yet the ordinary 
screens are insufficient. The following formula, due to M. Léon Vidal, 
gives every satisfaction. In a small glass trough with parallel faces 
there is placed a solution made with the proportions—sulphate of copper 
175 grams, bichromate of potash 17 grams, sulphuric acid 2 cubic 
centimetres. These are dissolved in 100 to 500 cubic centimetres of 


2 
~ 


fe 


: 


ON PHOTOGRAPHS OF METEOROLOGICAL PHENOMENA. 79 


water, according to the thickness of the trough and the results to be 
obtained. The sulphate of copper arrests the red rays, and the bichro- 
mate the blue and violet. The plates used were Luniére’s orthochromatic, 
and the exposure from °5 to ‘8 second.’ 

Your Committee regret that they have not yet received any illustra- 
tions of the results obtainable by the above means, but it is hoped that 
an exhaustive trial of the method may be carried out in the course of the 
coming year. 

The Secretary to your Committee has continued the comparative 
trial of slow and ordinary plates with or without a black mirror. He 
reports that ordinary plates and direct exposure may often give satis- 
factory results when the background of sky is a clear deep blue. If, 
however, it is at all hazy, the correct exposure becomes extremely diffi- 

cult. With slow plates, however, such as Mawson & Swan’s trans- 
parency plates or photomechanical plates, it is fairly easy to obtain 
results of considerable excellence. 

With the black mirror ordinary plates give excellent results; but 


here again, unless the clouds are moving with unusual rapidity, or unless 


the light is very bad, there is a great advantage in the use of slow plates. 
It is, indeed, easy to obtain a fairly dense image of any cloud, however 
luminous and however thin, by the combined use of mirror and slow 
plate. Such means give abundant detail and full gradation of light and 
shade, even when the sun is actually in the field of view. Exposure 


would vary from about ‘2 to about ‘8 second with an aperture ~. 


The developer used in all these experiments is the familiar formula 
with pyrogallol and sulphite of soda considerably restrained. 

Special attention should be drawn to the admirable series of cloud 
studies presented to the Committee which were taken by Signor 
Mannucci at the Vatican Observatory under the direction of the Rey. 
Padre Denza,8.J. These show what can be done by direct exposure, 
Signor Mannucci recommending a slow plate for the more difficult 
subjects. The pictures taken by the Secretary to your Committee in a 
similar manner show the value of the slow plate and black mirror. 


MISCELLANEOUS PHOTOGRAPHS. 


With regard to miscellaneous photographs of meteorological interest, 
your Committee regard with some satisfaction the number of pictures 
“they have been able to secure which show the violence and severity with 
which the great blizzard of March 1891 visited the South-west of England. 
They believe it is of great importance that fairly complete pictorial records 
should be kept of all such abnormal events. 

They are also pleased to be able to report that several of the photo- 
graphic periodicals have recently manifested considerable interest in the 
work, one paper, the ‘ Practical Photographer,’ having just offered a series 
of prizes for the best meteorological studies; and the editor has promised to 
present any competing pictures to your Committee. Severa] photographic 
societies are also taking the matter up, and your Committee hope that the 
effect of such powerful aid may rapidly make itself felt, both by increasing 
their collection and by adding to the number of contributors. 

In order to show the widespread interest already taken in the subject, 
brief catalogues of the three principal collections are appended. 

In conclusion, your Committee ask to be re-appointed with a grant of 
15/., in order to follow up properly what they regard as a satisfactory start. 
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Twelfth Report of the Committee, consisting of the Rt. Hon. Lord 
Ketvin, Mr. R. ErHertpGe, Professor JoHN PERRY, Dr. HENRY 


ON THE EARTHQUAKE AND VOLCANIC PHENOMENA OF JAPAN. 
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Woopwarb, Professor THomas GRAY, and Professor JoHN MILNE 


(Secretary), appointed for the purpose of investigating the 
Earthquake and Volcanic Phenomena of Japan. 


by the Secretary.) 


Tue first of the above seismographs, constructed in 1883, partly at 
the expense of the British Association, still continues to be used as the 
standard instrument at the Central Observatory in Tokio. I am indebted 
to Mr, K. Kobayashi, the Director of the Observatory, for the following 


Tue Gray-Minne SrisMOGRAPH. 


table of its records :— 


(Drawn wp 


Catalogue of Earthquakes recorded at the Central Meteorological Observatory 
between May 1891 and April 30, 1892. 


No.-} Month | Date Time 
H. M. Ss. 

1,106} Vv. 5 8 16 48 . 

i077)! 9 9 51 88: 
1,108 “5 14 4 13 39 
1,109 - 18 9 40 52 
PiMO| 5, » | 10 53 39 
ore ie » .| 11 21.22 
it} aa 19 0 015 
1,113 i 25 1 37 44 
igi) aa 26 | 0 19 55 
Hett6||| _ ., 30 | 22019 
1116; VI 1 1011 0 
1,117 = * 0 38 43 
1,118 “= 4 9 22 13 
Ais),  entetomib 

1,120} ,, 19 6 41 49. 
iat i 22 9 43 42 
gz) 25 3 41 48 
1,123| VII. 6 | 11 228 
1,124 5 ie 1 38 11 
1,125 5 7] 0 612 

ist 15 918 0: 
iit 3 2 2158 
ies) ),, 19 5 57 30 
1199) ,, 21 8 19 20 
1,130 i. 24 6 15 35 
1,131] VIII. 4 4 40 21 
1,132 :, 5 8 14 50 
ist38) |, 21 026 8 
1,134 ce 24 9 44 10 
1,135} IX. 3 2°11 23 
1,136 a 8 | 10 49 25 
az 14, 9 | 11 49 58 
138} 18 | 846 9 
TTT] been) RC TnI 
1,140 4 5 | 8 10/23 

PEN Dy att ace ape Live 


| 


Maximum Maximum 
Period and | Period and 
Amplitude of |Amplitude of 
p . Horizontal Vertical | Nature 
Duration} Direction Motion Motion of 
| Shock 
secs. | mm, | secs. | mm. 
sgl. 
M.S. | 
2 30 §.S.E.-N.N.W. | 13 06 _ — slow 
— — | very slight — — _ 
0 20 E.-W. slight — — slow 
— — very slight _— — _ 
_ — very slight _— — —- 
_— —_— slight —_— — — 
440 | ES.E-W.N.W. | 1:3 0°5 sli ght slow 
120 | W.S.W.-E.N.E. | 0-7 03 _— — * 
== = very slight — — 
1 30 W.N.W.-E.S.E. | 0°9 0°55 sli ght slow 
= = very slight _ _ _ 
1 23 S.-N. O7 0:4 slight quick 
1 30 W.S.W.-E.N.E. | 0°8 0:3 slight oS 
0 50 N.E.-S.W. 06 0°35 — —_— “i 
110 E.S.E.-W.N.W. | 0°4 0°5 _— _ ey 
= | = slight — — os 
4 30 N.N.W.-S.S.E. | 1:0 0:9 sli ght slow 
_ — very slight — — —_— 
= = very slight _ _— — 
7 30 8.S.W.-N.N.E. | 2:9 14 sli ght slow 
_ —_ slight — _ — 
—_ — slight -— —_ _— 
1 20 N.E.-S.W. 1:0 1:0 sli ght slow 
6 0 S.W.-N.E. 3°6 10°5 03 05 oe 
_ _ feeble _ = —_ 
1 30 S.E.-N.W. 0:2 05 sli ght quick 
0 38 SN. 07 04 _— — slow 
045 | E.N.E-W.S.W. | 0-1 0 sli ght quick 
0 30 S.-N. slight _ _ slow 
1 30 E.S.E-W.N.W.| 0°8 — — | quick 
0 30 SN. slight _— _ slow 
Oh.  SaWNi Bs. 06 04 sli ght quick 
130 | W.S.W.-E.N.E. | 0°8 0°5 slight slow 
_— — ) slight — /|— — 
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CATALOGUE OF EARTHQUAKES—continued. 


| 
No. | Month | Date Time 
| 
| 
H. M. 8. 
1,142 x 6 6 47 30 A.M. 
1,143 ae ey 219 2PM. 
1,144 aa 7 11 23 47 AM. 
1,145 a 8 9 0 344.M. 
1,146 aS 11 416 27 P.M. 
| 1,147 a 12 2 7 28 P.M. 
1,148; ,, ss 5 28 17 P.M. 
TAS tig P| 9 31 40 PM. 
1,150 a 16 7 415 4.M. 
TES. -' 55 22 6 26 20 A.M. 
TGA Ee 9 0 5 PM. 
| 1,153 Py 24 8 17 49 P.M. 
1,154] ,, 27 6 16 13 A.M. 
1,155} ,, 39 7 9 45 PM. 
USLbG)) 4) 28 6 39 11 A.M. 
| 1,157 ss “4 7 3 40 4.M. 
1,158 a eh 7 6 46 AM. 
1,159| 4; = 7 21 32 A.M. 
| 1,160 = *) 7 25 23 A.M. 
1,161 ey 33 7 49 59 A.M. 
1,162 ah Ps 7 54 47 AM. 
| 1,163 | bs - 9 9 42 A.M. 
| 1,164 ms “4 10 38 11 A.M. 
1,165), iF 11 29 19 a.m. 
1,166} ,, - 11 58 22 A.M. 
SLOT 2 55 S 012 6pm. 
TGS!) = Se is 1 319 pM. 
18 eee ae 3 3 357 PM. 
1,170 - 5 3.27 0 PM. 
UTA Ses = 3 33 47 PM. 
1,172), a 3 57 11 P.M. 
1,173 5 on 5 32 28 p.m. 
1,174 “7 - 6 12 32 p.m. 
1,175 a ra 7 15 37 P.M, 
TB as a 7 28 25 p.m. 
1,177 a as 8 26 10 p.m, 
1,178 as 29 7 8 31 4.M. 
HeRTON ie 30 015 14 a.m. 
1,180 6 - 227 47 AM. 
1,181 a as 2 25 56 P.M. 
1,182 - a A ey fa Se 
1,183 iy i 10 32 25 p.m. 
1,184} XI. 1 6 2 29 am. 
1,185 a3 Ge 920 6P.™M. 
1,186 < 2} 4 59 23 pM. 
1,187 “3 5 1 218 PM. 
1,188 x 6 10 014 4.mM. 
1,189 a 7 218 5am. 
TT es f 3 36 54 P.M. 
1,191 a 20 9 45 26 p.m. 
1,192 3 23 0 30 11 A.M, 
1,193 s = 2 39 45 aM. 
1,194 - 28 941 44M. 
1,195 co rs ll 9 36 aM. 
1,196 | XII. 2 227 4M. 
1,197 a a 1 11 54 p.m, 
1,198 a ee 9 5115 pM. 
1,199 “5 4 929 4PM. 
1,200 a 8 4 217 PM. 
1,201 4 ll 844 4 PM. 
1,202 5 15 | 11 23 45 p.m. | 
1,203 a 21 2 20 15 P.m. 
| 1,204 ri 22 4 23 38 A.M. 
| 1,205 ss 24 5 33 14 aM, 
1,206 Ry a 5 52 22 a.m. 
1,207 = ee 6 26 16 A.M. 


Maximum | Maximum 
Period and | Period and 
Amplitude of Amplitude of 
i Horizontal Vertical | Nature 
Duration Motion Motion of 
Shock 
secs. | mm. | secs. | mm. 

M.S. 

1 50 0:2 02 slijght slow 

0 40 — _ _ _ 

i very 

10 12 02 | — | =H ae 
—_— sligh ;— a — 

2 30 20 20 0°2 06 quick 
— slight _ — —_— 
_ —_ slight ;— — — 

10 E.S.E.-W.N.W. | 0:3 0:2 _ — | quick 
— oe slight _ — — 

1 20 E.S.E.-W.N.W. | 1°1 13 slijght quick 

10 Ss. 04 os | — — slow 

1 25 10 03 => _ 5 

2 10 08 09 slilgh quick 

110 O07 05 — —- slow 

7 0 2°4 315 2°4 45 Ae 
— slight _ — _ 
— slight i -—- — 
= slight = = 
_— slight _ —_ — 

113 O7 0-2 — _— slow 

1 30 10 06 _ _ 3 
_ — slight — _— — 

3.0 5.S.W.-N.N.E. | 2:0 O7 _ -- slow 

20 3.-N. 11 03 = _ as 
_ _ slight = _— _ 
_ — slight — _ _ 
_ _ slight = _ _ 
_ —_ slight — _ _ 
_ —_ slight — — _ 
_ — slight = — _ 
— — slight _ — — 

1 50 S.E.-N.W. 0-9 — — slow 
—_— _ slight _ — — 
== = slight — |= Ae 

1 30 S.-N. 05 0:2 — — slow 

110 SN, 07 OF eS i 
— —_— slight — _ —_ 

2 30 S.-N. 1:2 O7 _ -- slow 

1 30 S.-N. al 0-4 = —_ ‘a 

0 30 E-W. slight = — 

0 35 S.-N. slight — — By 
— —_ slight = — — 
-- _ slight = _ = 

15:0 S.W.-N.E. 06 03 _ — slow 

110 SS.E-N.N.W. | 0°8 0-2 _— — ” 
_ _ slight —— — — 

Le 0 E-W. 06 02 — — slow 

3 0 S-N. 1:8 O04 oo = ” 

2 30 N.W.-S.E. 05 03 slight | quick 

1 20 S.W.-N.E. 0:8 02 = = slow 

1 30 S.E.-N.W. 05 10 slilght quick 
= _ slight _ oa — 

1 30 E.-W. 11 2 = _ slow 

10 E-W. slight —- _ a 

10 S-N. = — * 
— very slight — — _— 

1 30 0:8 0°4 _ _— slow 

ih) O7 803 slilgh quick | 

5 ze ci 7 . very 

2 50 E.S.E.-W.N.W. | 0°8 0-9 slight quick | 
-- slight — _— — 
— ‘very slight — — — 

3 40 1-6) 16°2 0-9 2:0 quick | 
— slight =a 


slight 
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CATALOGUE OF EARTHQUAKES—continued. 


Maximum Maximum | 

Period and | Period and | 
Amplitude of |Amplitude of} | 

Horizontal Vertical | Nature | 


| No. | Month | Date Time Duration Direction Motion Motion of 
| Shock 
| iran l | 
secs, mm, secs. | mm. 
H. M. 8. M. S. | 
1,208] XII. | 25 7 38 13 P.M. 10 N.W.-S.E. 07 «03 ae lor | 
11,209] ,, 26 | 10 22 37 P.M. 1 0 S.E-N.W. 09 2 =} = Bee) 
170) 29 | 11 13 20 pM. — — = = Sq aan 
| | 
; 1892. | 
eit) I. 3 422 9 PM. 2 0 S.W.-N.E. 08 03 a(n estoy 
eet) ,, 4 | 10 10 31 4.m. 1 20 S-N. Osama == ¢| ce - 
ie} a 6 2 53 36 A.M. 120 | N.W.-S.E. 08 02 = | = a 
| 1,214 RS 13 10 48 27 A.M. “= | _ slight — — _ 
11215)» 17 329 8am.| 0 50 S.S.W.-N.N.E. | 08 5 = |) si 
| : : very 
| 1,216] ,, » |113512PpM.| 240 | ESE-W.N.W.| 08 24 | 06 | 0 2{ quae 
| 1,917 - 24 959 2am. — = | slight = |= = 
Is) © 55 28 | 112010 Pm.| 0 50 N.E-S.W. 08 0:3 SS ay 
eto, 31 | 1023 1éam.| 140 | ESE-W.N.W.| 08 16 | 0-2 o2{ eater 
} 1,220) II. 2 922 9PM.| 0 40 SN. 06 0-2 — | — | slow | 
[ugo1) 3 6 53 39 P.M. J0 S.E-N.W. 04 O07 slilght if 
1,222 * 12 7 21 18 aM. _— — slight _ — — | 
1,223 . - 0 38 35 P.M. — — slight — “= — 
iy ae 15 3 20 35 A.M, _— — slight a = 
1,225| ,, 7 | 11 0 534M — a slight ey |) a = 
1,996] ,, 4 9 41 58 P.M — = slight a ne 
297). 5, 18 0 59 33 PM. — = slight Sel oe = 
998) , 20 2 39 43 AM — = slight = = = 
| 1,229 “5 21 3 49 52 A.M 2 0 S.W.-N.E. ; 0-8 05 sli ght quick 
E930)|, 3, 29 3 38 31 aM = = | slight a = 
| 1,231) IIT. 8 8 719 PM —_ = slight = = ss 
| 1,232 i 9 224 25 PM = = slight an = 
1,233 s 22 5 42 53 aM. = = slight = = ssc 
1,234| IV. 2 0 35 23 am 120 | W.S.W.-E.N.E.| 0:2 0°3 slijght quick | 
1,235 i 3 318 15 4M 1 20 S.W.-N.E. 0-2 0-4 02 | 02 | slow | 
36, 55 13 413 0AM 0 50 S.-N 08 0-4 S| cinta 
187 |, 19 654 lam 10 B-W. O1 02 — | e 
1938), 22 1 26 46 A.M 1 30 SN. 02 0-4 slight || 
1,239| ,, 24 041 8am — = | slight = = ae | 
1,240| ,, 30 5 59 57 A.M. = = slight el | = 


Tue HartHquakes or 1888 anp 1889. 


In my fourth Report to the British Association I gave an account of 
387 earthquakes which had been recorded in North Japan between 
October 1881 and October 1883. In the sixth, eighth, and tenth Reports 
accounts are given of the earthquakes felt throughout the whole Empire 
of Japan during the years 1885, 1886, and 1887. The records of these 
disturbances were obtained from some 700 observing stations under the 
control of the Central Meteorological Bureau. Through the kindness of 
the director of this bureau, Mr. K. Kobayashi, I am now able to give to 
the Association an epitome of the observations for 1888 and 1889. 


I. Harthquakes in 1888. 
In 1888 no less than 630 earthquakes were recorded. 
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1. Number of Earthquakes in each Season. 


The following table gives the number of earthquakes recorded during 
each month of the year 1888 : 


| 
| 
| 


i | 
b | B w w 

Ble ||. ane mae: PUB d) ea 

Month s s 2 a a\cq fs FS fp ote | | a o 

on Sita tea | a& | & |] 8] 2 ) lo eal eee 5 

lee (a ja] a ee ee eee ene 

5 |e aa fo ly lie <4 

[a ne | pes) Pay | 

Frequency. . . . | 98 | 77 | 45 | 42 69 | 40 | 40 4 | 42 a7 | 85 55 coo | 25 | 


The maximum frequency occurred in November, while the minimum 
was in August. The following table gives the frequency in each 
season :— 


| | 
Spring | Rare | Autumn Winter | 
(March é (September, | (December } | 
Seasons April, Gal ee a Hee : October January, » | Total |Average 
May) 8 November) February) | 
: | = = } 
Frequency . - F 157 1l4 | 174 | 185 630 157°5 


The maximum seismic frequency occurred in winter, while the mini- 
mum was insummer. If we divide a year into the hot and cold seasons 
we have :— 


Hot / Cold / 


Season (from April to September | (from October to March Total | Average | 
inclusive) . inclusive) 
Frequency . . . 267 | 363 | 630 | 315°0 


2. Number of Earthquakes in each Hour. 


The following table shows earthquake frequency in each hour :— 


Hours 
Months ———__--—____—______- —_——_——]| Total 
| | 
0-1| 1-2 2-3 3-4 4-5 5-6 6-7 | 7-8 | 8-9 | 9-10 | 10-11] 11-12! 
bawdy rt igs J Petrie Eeet: iy one ie 1 
ForEnoon— | | 
January 3 2 3 Ave lis il 2 = | = 3 1 1 21 
February 2) 5 3 2 2 i age! — 2) 4. 32 4 5 2 
March . — 1 1 3 3 —| 4 1 1 | — 1 5 20 
April it eat ae 4 3 5 ihe | 2S 2 De 21 
May Ef ne et: 2 2 | 10 2 1 3 1 3 5 1 36 
June . é 2 _ 2 1); — — 4 5 —— peak 1 1 17 
LY. eel ele ae | ip 1 2) 3 1 1 2 3 | 20 
August . -j|— 2 1 4) — ee WML Pett RED "2 Baal man -- 3 2 
September .| 1) 2 2 1 2 5 | = 2 Sabie 4 2 | 25 
October. .| 2] 2 3 eas 3 Al eae! 1 1 2 | — |) 267] 
November .| 8 5 5 2 4 2 ih Wa 53 5 5 1 2 43 | 
December 3 5 3 4 4 5 1 2 4 1 — 1 33 
Total . | 24 28 29 27 33 27 24 30 25 | 19 23 26 | 


EB 


~~ 
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Hours 
Months |—— -— — | Total 
|o-1| 1-2 2-3 3-4 4-5 5-6 | 6-7 7-8 8-9 9-10 10-11 | 11-12 
AFTERNOON— | | | 
January ce 1 3 1 34.4 6 3 2 3 3 32 
February 4 4 3 11 2 36 |. of! — | 2 5) Cie ell 6 45 
March . 2; — | 3 5 —_ Seite wa 5 3 2 1 _ 26 
April . 1 oe (ee 2 3 1 {| — ir —_ 1 2 2 21 | 
May . 1} — 2 2 Seo anes 5 4/ 6 4 ayo |l any al 
June i) aie ees 1 1 iN hj, 1 sa |e 3 1 | 23 
vee 3 lol | eae 3 3 25 |\.= eee 2 1 2 | 20 
August . == | SS 1 1 _ u! 1 = 6 2 — 13 
September 1 2 2 3 _ 2 a 2 1 — 2 1 17 
October . 1 1 _ 2 Ke 2 1 2 1 2 Ne hag ae 21 
November pela temic! A = 7 Ae 1 ce ee Id Pee 5 42 
December 1 2 1 2 2 =e ee 2 29 
| - - } | — ise te 
Total . | 22 22 | 27 35 24 | 24 23 30 21 33 26 28 630 


From the above we see that the greatest number of earthquakes oc- 
curred between 3-4 P.m., and the next maximum frequency between 
4-5 a.m. and between 9-10 p.m.; whereas the minimum was between 
9-10 a.m. and between 8-9 p.m. If we took 6 o’clock as the limit between 
day and night, we should have at night a greater number of earthquakes 
than during the day by 26. 


3. Areas of Seismic Disturbances and Intensity. 


The area shaken by an earthquake varied from a mere local tract up 
to an area of several thousand square ri, depending chiefly on the intensity 
of the shock. In the following table the number of earthquakes during 
the year has been classified according to the size of the area disturbed. 
One square ri=5'9 square miles. 


| | les 
sali ibs eral) py teres Ce 2 
s d/e/Sleleleleleigiaielala| 2 
nee ja je\s OS) ae) S| 212 |e 13/6 Ba 
m | Fe | she 3 ° % fa) < 
ites. es | 
Over L000 squareri,, . 2) 2) 6) 3) 8) 5/3) 2) Vl 2) Li mia) 4a BY § 
1,000-100 square ri. . ‘ 8) 15 7 2 | 16 9 | 10 8| 4 6 9 | 10 | 104 BF 
Under 100 square ri . : - | 43 | 56 | 36 | 32 | 48 | 28 | 28 | 25 | 36 | 40 | 69 | 41 | 482 | 40-2 
—_ — a | ———— — | ——— | ———_ |__| _ 
Total 3 4 . | 53 | 77 | 46 | 42 | 69 | 40 | 40 | 31 | 42 | 47 | 85 | 55 | 630 | 52°5 
| 
4, Area Shaken during each Month in Square Ri. 
we uw — 
> Pp oe x em 
Bee letalelelelelilg ile! 
= m EI & oS 28 a &p 5 SB) 5 FA = 
Fa 2 & a 5 = oe S i) 
moe bey | ee Sem een eR 3 5 
i & z A 


20,810 | 8,620) 11,000 5,870 | 6,240) 4,510! 18,760 | 12,970 | 161,870 
| | 


6,950| 36,410 | 7,730| 20,000 


5. Intensity of Earthquakes. 


Of the 630 earthquakes in the year 1888, severe earthquakes numbered 
58, moderate ones 264, and feeble ones 308. Thus 9 per cent. of the 
1892. H 
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total number of earthquakes in the year were severe, 42 per cent. mode- 
rate, and 49 per cent. feeble. 


Notes on Special Earthquakes. 


1. On February 5, at 1 a.m., an earthquake was felt over nearly the 
whole of North Japan, extending from Yezo in the north to Tokio in the 
south. The areashaken was 9,670 square ri. This is the first time since 
1884, when extended observations were commenced, that so large an area 
was disturbed. Whatever damage occurred was slight. 

2. On April 11, at 8 a.m., an area of 2,190 square ri was shaken in 
Central Japan. The provinces of Tango and Tanba were most seriously 
affected. 

3. On April 29, at 10 a.m., North Japan was disturbed by a shock 
extending over 1,930 square ri. In Nasu-gori river banks gave way, at 
Utsonomiya walls were cracked, and to the south, in Tokio and other 
places, clocks were stopped and articles overturned. The motion was 
generally horizontal. 

4. On July 15, at 7.30 a.m., an elliptical area of 600 square ri near 
Lake Inawashiro was suddenly shaken. This was followed by a second 
shaking, and whilst this continued Bandaisan, which overlooks the lake, 
exploded, and in a few minutes buried nearly 28 square miles of country 
beneath a sea of earth and boulders 30 to 100 feet in depth. 

Whether the preliminary shakings were unsuccessful efforts of the 
steam beneath Bandaisan to obtain a vent, or whether they were shakings 
due to faulting or other causes, which destroyed the equilibrium between 
internal forces and the rocky cover which restrained them, is a matter 
for speculation. It may here be mentioned that one result of the Ban- 
daisan explosion has been to form a lake which is 8} miles long and from 
1 to 3 miles in breadth. 


Earthquakes Observed at the Central Observatory in Tokio 
in 1888. 


A list of the earthquakes felt in Tokio in 1888 has been published in 
a previous Report. Between January and December 101 disturbances 
were recorded. 


1. Harthquake Frequency per Month. 


During the year 1888 the number of earthquakes in each month was 
as follows :— 


| B m onl 
|e Pa Pe s| 3 | 
e)/ae|/adia ° a2|/2;/o/2)/2 = 
Month HE q | &. ey 5 Flalai|s A Ve: 
21S (a (4) 719) ele ea 
> aes | 7) < 4\)A| 
=hh| | | | | 
| | | | 
Frequency .- a 5 5 5 ‘ sj} 7[ 7]}u| 9] 9 7|m s}as| 4) 10 
| | | | 


From the above it is seen that the maximum frequency occurred in 
February, and the minimum frequency in January, October, and 
December. 


—- 
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2. Harthquake Frequency per Season. 


Year Spring Summer Autumn Winter Average 


1888 25 25 28 23 25 


3. Frequency during Hot and Cold Periods. 


Year Hot Cold | Average 
1888 54 47 | 50 
4, Hourly Frequency of Earthquakes. ‘ 


The number of earthquakes in each hour during the year will be 
found from the following table :-— 


Months 
0-1} 1-2 | 2-3 | 3-4 | 45 | 5-6 | 6-7 | 7-8 | 8-9 | 9-10 | 10-11 | 11-12 


FoORENOON— 
January . 
February 
March . 
April A 
May. . . 
June . 
July. - 
August . 
September 
October . A 
November 4 
December G 


— 
OQAHWOMAAORDSRwWRe 


Petite tT Le 
ell tell litt 
melelelel el | 
Mtl) Cosas 4 
HO peat recs 
mleel rowel || | | 
Pe =e 
LT Tore tt tt | 
PT TY Vee | 
Ltt teoltel lel 


Pbetet ttl i 


eels eat leet 


bo 
~ 
bo 
ao 
a 
rs 
x 
rs 
for) 
oo 
» 


Total 


AFTERNOON— 
ery ‘ 
‘ebruary : 
March . 
April = 
May. . 


i 


MS bo eR oon Co Re bo 


June 

July 

August . 
September 
October . 
November 
December 


MT Sst toll ell 


Sri Ll fl atl 
Perhhet 10 Ve 
Cpe el fasoealle leet 
Leomt tell dtd 
[atl Gale Lae Pa I ge 
LIST TIATY eel Re 
Cleat ah) teas fae a 
Fa Fe De (04 
eateries pal | 
(eet ster iste Veeailes 
ee bale re 


4 (ote © 0 efe © 6 « 


| 
| 


» 
co 
» 
» 
rs 
to 
_ 
a 
Ot) 
» 
J 


Total .+ 2 5 


We see from the above that the maximum frequency was between 
3-4 p.m. and 4-5 a.m., and the minimum between 8-9 p.m, 0-1 p.m, 7-8 


P.M., 1-2 a.m., and 3-4 a.m. 
H 2 


. 
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5. Intensity of Harthquakes. 


Of the 101 earthquakes which took place in Tokio in the year 1888, 
the following are the most notable :— 


Date Time of Occurrence Duration 
April29.. 5 ee 5 10h. Om. 33s. A.M. 8’ 
Horizontal Motion Vertical Motion 
Date Nasdimnir Maximum Maximum Maximum 
R eu om Velocity Acceleration Direction Amplitude 
OBS in mm, in mm. in mm. 
April 29 . -| 5%6inO8 sec. | 22 in 1:0 sec. | 172°8 in 10 sec. | S.E. to N.W. 1°5 in 0°6 sec. 


The origin of this earthquake must have been somewhere in the Gulf 
of Tokio. Inthe provinces on the Gulf river banks gave way, rents were 
made in walls, articles fell down, liquids flowed from vessels, clocks were 
stopped, &c. The duration was long. The next shocks of long duration 
were those which occurred at 6h. 9m. 20s. p.m. on May 12, and at 
8h. 13m. 33s. on November 3, each having a duration of 45 minutes. 
All the remaining shocks had a duration of less than 4 minutes. There 
was only one earthquake which had a range greater than 10 mm., 8 
earthquakes which had ranges 1-10 mm., 28 which were less than 1 mm., 
and the remaining 64 were so feeble that measurement was impossible. 

From the preceding facts we may conclude that severe earthquakes 
were few in number this year, about 90 per cent. of them being feeble. 


6. Direction of Earthquakes. 


The principal directions of motion of the 101 earthquakes this year 
were as follows :— 


pea 
S.S.W. S.W. | sw.w. S.E.E. | S.E. 
| 


5.E .E S.S.E. 
Year S.toN.| to to to |B. to W. to to to Unknown 
N.N.E.| N.E. | N.EALE. N.W.W.| N.W. | N.N.W. 
1888 . . . 5 | 3 4 2 27 8 2 45 


Earthquake motion was therefore chiefly E.to W.,and after that S.H. 
to N.W. It occurred least in the directions 8.S.E. to N.N.W., and 
S.W.W. to N.H.E., the next being S.S.W. to N.N.E. Besides these, 
there were 45 feeble earthquakes having unknown directions. 


7. Nature of Earthquakes. 


An earthquake may have a horizontal or vertical motion. And the 
motion may be rapid or slow. In the following table we show the 
nature of the earthquakes in 1888 :— 
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Months 
] =a 3 

Nature ble 2 2/3) 2|8 | 8 | Total 

(2/2 /Elelslslsleialala 

s I s Bale 5 5 oo 2:18 2° a 

g/elal4/F isle |g else 3 

eile R ae 

ee | — | haat mal I 
Combination of horizontal and ver- |} 1) 1}—j| 2] 1} 1; 1}—j] 1] 1] 2}— 11 

tical motion | 

Horizontal motion . Sta ee he) See | aay bi) aa Ores 69 
Unknown . ee 2 ee eae Deh Bs) Bo) Sh ee 21 
Rapid. i 2 4 2 1 3) — 1 2 1) 4] — 21 
Slow . + 2/10 1 2 1 2 4 2 2);—| 5 3 34 
Unknown . OS FS Hh ea ei ae oy a Oy) a es Sal 46 


Thus, of 101 earthquakes, 69 were horizontal, 11 were a combination 
of horizontal and vertical, and 21 were not definite, being very feeble. 
The number of slow earthquakes exceeded that of rapid ones by 13, while 
46 were so feeble that it was difficult to determine their period of 
vibration. 


Il. Harithquakes in 1889. 


In 1889 the number of disturbances recorded in the Empire was 930. 
The great increase in the number of disturbances this year was due to the 
number of small shocks which succeeded the great earthquake of Kuma- 
moto, which I described in the tenth Report (1890). The great earth- 
quake took place on July 28, and on the 29th and 30th 62 shocks were 
recorded. Subsequently the exact time of occurrence of 281 disturbances 
was noted. The total number of shocks following the great earthquake 
was therefore 343, and the total for the Empire, 992. As in previous years, 
certain parts of the western side of Japan appear to have been free from 
earthquakes. 


1. Number of Earthquakes in each Season. 


The number of earthquakes observed every month from January to 
December 1889 is given in the following table :— 


January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Total 
Average 


| 
53 57 63 67 60 39 | 65 192 79 103 82 72 930 775 


From the above table it will be seen that we have the maximum fre- 
quency in August, and the minimum in June. The general increase in 
frequency is due to repeated shocks after the terrible earthquake in 
Hiogo already referred to. 

The frequency in each season may be deduced from the above table ; 
thus :— 


Spring Summer Autumn Winter Total Average 
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From the preceding table we see that the average frequency per 
season was 232°5, and also that the maximum frequency was in summer, 
and the minimum in winter. 

Tf we call the six months from April to October the hot season, and 
those from October to April the cold season, we have :— 


Hot Cold Total Average 


502 428 930 465 


Thus the average frequency of the two seasons was 465, and the 


earthquakes occurred more frequently during the hot season than in the 
cold one. 


2. Number of Earthquakes in each Hour. 


The occurrence of earthquakes according to the hours of the day and 
night is shown in the following table :— 


Hours 
Mouths = — ; Total 
0-1) 1-2 | 2-3 | 3-4 | 45 | 5-6 | 6-7 | 7-8 | 8-9 | 9-10 | 10-11] 11-12 
FORENOON— 
January -}—| — 3 2 4 5 2 4 — 2 3 _ 25 
February —| — 1 1 2 4 2 5 5 3 2 2 27 
March . ° 2 1 3 2 — 2 5 2 2 4 2 3 28 
April! 4 3 3 5 2 1 1 5 aL 1 1 1 28 
May 5 eal oe 1 a 5 7 1 4 5 3 ie 88 
June _— 2 1 3 _ 1 3 3 a 1 4 r 20 
July 4 f 8 5 1 5 3 2 — 3 2 2 39 
August . 6 8 12 15 10 9 7 9 8 5 i, 6 | 102 
September 1 5 6 3 3 3 3 6 3 2 8 3 46 
October ean, 6 4 2 6 6 3 3 1 3 3 44 
November 3 1 5 1 3 2 2 4 5 8 1 4 39 
December .} 1 4 4 2 2 2 1 1 3 3 4 6 33 
Total ./| 25) 35 53 48 29 45 42 45 35 38 40 34 
—— 
AFTERNOON — 
January 3 4 3 1 2 4 -- 2 4 4 a 1 28 
February 1 3 4 4 2 1 — 3 1 6 4 1 30 
March . 2 2 4 3 3 t 3 6 1 2 1 4 35 
April. 5 7 6 3 5 4 _ 3 3 2 1 _ 39 
May 3. 4 2 2 1 — 3 3 2 _ 2 1 1 21 
June 1 4 3 1 — 2 2 1 _— 4 1 — 19 
July . 3 2 1 1 2 i a 2 2 4 3 4 26 
August . 11 | 10 10 9 11 8 6 6 4 5 4 6 90 
September 5 3 3 1 4 1 1 4 1 2 3 5 33 
October. . 6 4 3 2 7 3 7 5 5 2 12 5 61 
November .| 7 3 4 5 2 3 _— 1 5 5 4 4 43 
December .]| 5 4 4 1 2 3 — 5 3 1 8 1 37 
Total .| 53] 48 47 32 40 37 23 40 29 | 39 | 42 32 | 931 


From the above table we see that the maximum frequencies occurred 
between 2-3 a.m. and 0.1 P.m., whereas the minimum frequencies are 
between 6-7 p.m. and 0-1 a.m. 
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3. Area Shaken in each Month in Square Ri. 


Total 


| = 


18,230 | 14,820| 21,520] 18,060] 13,010| 10,700] 11,830] 14,410 | 9,250] 19,240 | 9,310) 14,320 |174,700 


January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 


4, Area of Seismic Disturbances. 


The area shaken by the earthquakes varied with their intensity from 
a mere local tract up to several thousand square ri. 1 square ri=about 59 
square miles. The following table is a classification of the earthquakes 
according to the area disturbed :— 


| 


al al 

b | RB fo fo, he [) 

H a cl Q 2 <j 2 Q = op 

Areas 3g z z E = 2 3 Ep a i g a = 5 

a;als a alin |H/|S)/e2]e];]e]9 = Bb 

Gy a 
Seis 4 3 og ra < 
Mere than 1,000 square ri Fy sa Le | en lps ecto aE 2/73) 5) By 1) 46 8 
From 1,000 down to 100 square | 10 | 9] 5]|16/13] 9| 14) 8} 7| 9] 8 117 98 
i 

Less than 100 square ri. . | 38 | 43 | 51 | 45 | 44 | 26 | 50 |181 | 69 | 89 | 71 | 60 | 767 | 63:9 
Total “ A . | 53 | 57 | 63 | 67 | 60 | 39 | 65 |192 | 79 |103 | 82 | 70 | 930 | 775 


From the above table we see that 767 earthquakes out of the total 
number of 930 disturbed areas less than 100 square ri, 117 areas between 
100 and 1,000 square ri, and 46 areas greater than 1,000 square ri. We 
may add that one earthquake shook an area of nearly 6,000 square ri, 
whilst another shook an area of about 9,000 square ri. 


5. Intensity of Earthquakes. 


During the year 1889, as we have seen, the total number of earth- 
quakes was 930, of which 51 were of a severe character, 290 of moderate, 
and the remaining 589 were slight, shocks. Thus, severe ones were 
6 per cent. of the total number of earthquakes, moderate ones 31 per cent., 
and slight ones 63 per cent, 


Notes on Special Harthquakes. 


1. February 18, at 6h. 9m. Os. a.m., 6h. 27m. Os. a.m., 7h. 48m. 52s. 
AM., Sh. 2m. Os. A.M., and 10h. 10m. 56s. am. The first shock was the 
strong one, shaking 5,750 square ri; 300 square ri near Tokio, where 
walls were cracked, tombstones overturned, clocks stopped, c&c., was 
severely disturbed. The centre appears to have been in the Bay of 
Tokio. Earthquakes which are severe in Tokio seldom shake more than 
one or two neighbouring provinces, and, as measured by the land area 
which is shaken, they can only be considered as moderate disturbances. 
This earthquake, however, was felt on the West Coast, and shook 21 
provinces (see ninth Report, 1889). 

2. May 12, at 10.40 a.m. The shock disturbed 4,800 square ri in Central 
Japan. Thirty-seven provinces were shaken, Mino and Owari, the site of 
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the terrible catastrophe which occurred last year (1891), suffering the 
most. 

In the neighbourhood of Gifu people were thrown into a state of 
alarm. The banks of the Nagara River were rent for some distance. 
There was much damage to porcelain, wine-bottles, &¢. Pendulum- 
clocks, especially those facing towards the south or north, were stopped. 
According to the observations of the Gifu Observatory, the duration of 
the earthquake was about 2 minutes 30 seconds. The movement, which was 
very slight at first, was followed three minutes after by a violent shaking, 
and at the fifth second the range of motion to the north and south was 
4bu4rin (about 4in.). But, from the moment at which the east and 
west motion came into play, the intensity was so much increased that the 
two leaden cylinders of the seismometer, together with the index, were 
overthrown, which put an end to the observations. The maximum range, 
however, seems to have been about 21 mm. 

3. July 28, at 11.40 p.m. A short description of this earthquake, by 
which 20 persons were killed, 74 wounded, and many buildings destroyed, 
is given in the tenth Report (1890). For a full account see the pzper 
by Messrs. Sekiya and Kikuchi forming vol. xiii., Part II., of the ‘ Trans- 
actions of the Seismological Society,’ also vol. xvi. of the same publication. 

4, December 31,1 p.m. This earthquake extended from Yezo in the 
north to beyond Tokio in the south, shaking 9,210 square ri of country. 
It seems to have originated in the bed of the Pacific. 


Earthquakes Observed at the Central Observatory in Tokio. 


Between January and December, in Tokio, 113 shocks were recorded, 
a list of which has appeared in previous Reports. 


1. Frequency of Harthquakes per Season. 


The following table will show the seismic frequency per month :— 


E 3 B | 8 

iy 3 | + 2 3 = 

8 =| 3) TZ b 2 b a S 3 S iS S 

ie 3 E a 2 5 Fea wean! lee acl a ale 5 

Pea Me ee ale Ue a ees a a 

5 eH < o fo) 2 ra | 
a2 A 

5 16 ul 18. 438 ‘Poel Nigy ihre ces WY | 88) A 16 ees 
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From the above table we see that the maximum frequency was in 
April, while the minimum one was in January and July. 
The following table shows the seismic frequency per season :— 


Spring | Summer | Autumn | Winter | Average 


42 | 20 | 24 27 28 
| 


The following table shows the frequency in the hot and cold 
seasons :— 


October to March. Cold | April to September. Hot Average 


55 | 58 56°5 


at bl ail 
‘ 
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2. Daily Frequency of Earthquakes. 


The following table is a classification of earthquakes according to the 
time of occurrence :— 


Hours 


Months s Total 
3-4 | 45 | 5-6 6-7 | 7-8 | 8-9 | 9-10 | 10-11} 11-12 


iF 
i 
it 
bo 
ip 
ow 


FORENOON— 
January 
February 
March 
April 
May 
June 
July 3 
August . 
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Thus we see that the maximum frequency occurred from 6 to 8 A.M. 
and from 2 to 3 p.M., whereas the minimum frequency occurred from 3 to 
5 AM. 


3. Intensity of Earthquakes. 


The remarkable earthquakes recorded in Tokio were those of February 

18 and December 31, already referred to, which had durations of 8 minutes 

and 5 minutes 20 seconds respectively ; and one on August 5, which had a 
duration of 4 minutes 20 seconds. 

There was only one earthquake which had a maximum range greater 
than 20 mm. No otber earthquake occurred with a maximum range 
greater than 10 mm. There were 12 earthquakes with a maximum range 
greater than 1 mm., and 25 earthquakes less than 1 mm. There were 
75 earthquakes whose movement was so slight as to render it impossible to 

» observe the range of oscillation. We therefore had very few severe dis- 
turbances during the year, although a large number of earthquakes 
were recorded. 
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4. Direction of Earthquakes. 


The following table shows the number of earthquakes arranged 
according to direction :— 


S.S.W. S.W. | W.S.W. ES.E. S.E. §.S.E. 


N. to S. to to to E. to W. to to to Uncertain 
NE. | NE. | ENE. w.N.w.| Nw. | NNW. 
iBT 1 | 8 | 1 | 18 5 | u 2 56 


5. Nature of Earthquakes. 


The following table shows the number of earthquakes according to: 
the nature of movement :— 


- 
| Months 
Nat | S B/] 8 = 
ature et sae hel hoe »e]| oa] 2 
e(2/SldlelelelZlelalals| e 
=I 5 w oS 5 ‘Ss bo o ° Oo 
(2/8/18 (a a (215 / e/a 1S] e | 8 
Lal 4/2 | Seve) >| 
Both vertical and horizontal 2) bP) 4) Oh 2) Dy Ly eee ees eee 
Horizontal Ly} 9) 2) 2) By] 402) 8) — Sl aa 
Uncertain 2) 6) 5.) 10) 58) 2) Ba 36) oa aa coe 
Rapid 2) -8.|° 3] 2] 2) 24) oe) lel oar i een ane 
Slow 1 6 3 5 2 3 1 3] — 2 4 1]; 31 
Uncertain 2 Ciel hee Je eat tit 9| 2 2 3] Sy} 8] Bje4) GL 
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From the above we see that the number of earthquakes which were: 
felt as a horizontal movement was greater than those in which horizontal 
and vertical motions were combined. There were 58 earthquakes the. 
movement of which was indeterminate. As regards the velocity of back 
and forth motion, 31 out of 113 earthquakes were slow, 21 were rapid, 
and 61 were indeterminate. 


REMARKS ON THE ABOVE REPORTS. 


The above notes are based on two epitomes of the work done in 1888 
and 1889, by the Central Meteorological Bureau, which I have recently 
published in vol. xvi. of the ‘Transactions of the Seismological Society.” 
The tables are altogether the work of the officers in the Meteorological 
Bureau. 

Laws relating to the frequency of earthquakes which are sharply 
defined have not yet been discovered. During the winter months we 
know that earthquakes are more numerous than they are in summer, 
and if, instead of reckoning our earthquakes as efforts of equal value, we 
give to each a value corresponding to the area shaken, the fact that 
seismic energy is more intense during the winter than in summer becomes 
more pronounced. All areas given in this and previous Reports are land 
areas. A more satisfactory method of determining earthquake intensity 
would be to give total areas. In estimating frequency, it would seem 
that a series of secondary shocks, which may spread over a period of 
several months, but which are the outcome of a primary disturbance, 
ought either to be omitted, or at least to be regarded as belonging to the 
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disturbance which gave them birth. If this is not done, then a large 
disturbance which took place, for example, near the end of the winter 
months may have the long series of shocks which follow, and which indi- 
cate that the conditions which lead to earthquakes are being destroyed, 
added in with the summer disturbances, and the rule that earthquakes 
are more frequent in winter is obliterated. An effect of this description 
is shown in the tables for 1889, which might have been drawn up omit- 
ting 281 secondary disturbances which occurred in Hiogo. In connection 
with these analyses it would seem desirable that earthquakes should be 
grouped according to their origins, and, in addition to what is done at 
present, separate analyses be made for each group. Some of the earth- 
quakes which occur in the north of Japan do not appear to have any 
more connection with those which occur in the south of Japan than the 
earthquakes of Great Britain have with the earthquakes of Switzerland. 
The earthquakes from all these regions may conform with the law of 
winter frequency, but it is also desirable to know the relationship between 
earthquakes of a given group. Do the earthquakes which originate 
beneath the ocean follow the same laws as those which originate in our 
mountains? Is the occurrence of earthquakes at one particular origin 
more in accordance with some rule than the occurrence of similar dis- 
turbances at some other focus ? With the aid of the four or five thousand 
maps showing the area shaken by every earthquake since 1885 such 
questions might be answered, but time and means for their analysis are 
thus far wanting. 


On «a New Meruop waich may BE HEwenovep For INVESTIGATING HARTH 
TREMORS OR Hartu Ties. 


In Reports to this Association in 1887 and 1888 I gave an epitome 
of the work which had been accomplished in investigating small earth 
movements called earth tremors. The more important results were, 
that tremors were most frequent with a low barometer, and they were 
especially noticeable if there was a steep barometric gradient. They 
often occurred when it was absolutely calm in Tokio, and often heralded 
the approach of a wind from the south-west. The instrument employed 
was automatic in its action, the records being made at intervals of five 
minutes. Being, like all other tromometers, of the ordinary pendulum 
type, it only indicated when tremors were strong and the time of their 
_ occurrence. The instruments which I have been using for the last few 
months give perfectly continuous records of earth tremors, measure them 
as to amount and direction, and throw considerable light upon the nature 
of these movements. From the character of the records it is also seen 
whether the column on which the instruments are placed remains 
horizontal or suffers tilting. Anyone possessing a small metal stand 
which has three levelling screws and a metal upright can, with a silk 
fibre, a small sewing-needle, a small shot, and a glass fibre, construct one 
of these instruments. In the sketch, a b represents the needle, with the 
shot fixed at a, and ac the fibre, which is secured at a and ¢ by shellac. 
The glass fibre is joined to b a as a continuation of its length. This acts 
as a pointer, and moves above a mirror, on which there is a finely divided 
seale. The fibre may be replaced by a rigid wire, when it must be properly 
pivoted. Agate cups at ) and c give greater sensibility. A complete 
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arrangement requires two such pieces of apparatus, which may be placed 
to work on the same scale as shown in the plan. 

Everything must be well sheltered from currents of air. For a 
continuous record the glass pointer is replaced by a small galvanometer 
mirror, which reflects a ray of light through a slit into a box, where it is 

2 photographed upon a moving plate. 
The screws B and C serve to adjust 
the pointers and to measure the 
-amount of tilting corresponding to 
any given displacement. By moving 
A the degree of stability is adjusted. 
I adjust a b c, which may be briefly 
described as an extremely light 
conical pendulum, until it has a 
period of about five seconds. With 
this adjustment the mirror or pointer 
may at any time be set swinging, 
and it will return to rest and show 
the reading from which it was dis- 
placed. Sources of error which may 
possibly interfere with the records 
which these instruments are sup- 
posed to give are as follow :— 

1. By unequal expansion of dif- 
ferent ‘portions of one of these in- 
struments the pointer or ray of light 
might be displaced. As at least four of these instruments, which are 
differently constructed, some with wire suspensions, and others with 
fibre suspensions, only vary in amount of displacement, and seldom, if 
ever, in direction, whilst the temperature is changing, it would seem that 
temperature effects are too small to be observed. Lighting a stove in 
the room and raising the temperature quickly does not appear to pro- 
duce any effect. Good spirit-levels are subject to great changes by 
changes in temperature, and therefore it is difficult to use them as 
recorders of changes in level. I have had a pair of such levels under 
glass cases, standing on excellent stone columns, for several years, but 
the results were too unsatisfactory for publication. When they were 
side by side and parallel the bubble of one might move to the right, and 
the other to the left. 

2. In consequence of hygroscopic changes the instruments carried by 
a silk fibre may possibly be affected. I have not observed such changes, 
but Mr. F. Omori, who is repeating my work, tells me that they are 
evident. I cannot imagine them to exist in the instruments which have 
wire suspension, and by the use of quartz fibres which Mr. F. Boys, 
F.R.S., has sent me, this possible source of error may be eliminated 
where fibres are employed. 

3. Because the horizontal member of the conical pendulum has in 
several cases been a fine steel needle, magnetic effects may be introduced. 
If these are measurable, they must be extremely small. With a 
3-foot ray of light during a tremor storm, the image may be continuously 
moving through a range of from 1 to 2 inches. This is too large to be 
magnetic. If a record for twenty-four hours is represented by a straight 
dine 12 inches in length, I find that this from time to time is gradually 
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deflected from } to } inch from its true path, and the line, which is often 
straight, has one or two bow-like bends, suggesting that the column on 
which the instruments rest has been gradually lifted or warped for a 
period of, say, five or six hours, and then for the next four or five hours 
been gradually lowered or gradually returning to its original form. 
Occasionally this lifting process only takes from fifteen to thirty minutes. 
The character of the record is hardly that which would be expected as a 
result of magnetic influences. 


OBSERVATIONS. 


All my observations have hitherto been made upon a table-like stone 
column which forms the foundation of a column built some fifteen years 
ago to carry an equatorial telescope. It is 4 feet square, made of 
carefully squared blocks of stone measuring 4! x2’x1’ 3”, and rises 
3’ 6’ above the floor of one of the rooms in my house which for many 
years was the Astronomical Observatory of the Imperial University. 
Unless the shutters of a window are closed for three or four hours the 
midday sun strikes the south face of the column. A fibre instrument 
photographically recording N. and §. motion stands near the N.H. 
corner of the column. On the N.W. corner a second fibre instrument 
shows HE. and W. motion as a spot of light on a scale. Between these 
two a pair of wire instruments records N.S. and H.W. motions, and a 
second set of instruments records similar motions on the south side of the 
column. In between them, from time to time, similar instruments have 
been used in varying positions. 

In regular use there were, therefore, three instruments recording N. 
and §S. motion, and three which recorded H. and W. motion. Observa- 
tions were commenced on December 18, 1891, and with but few interrup- 
tions they are being continued. A few of the more important results are 
as follows :— 


Tremors. 


1. On many occasions a stiff gale has been blowing, and although we 
should expect tremors if they were a direct effect of the wind, all the 
instruments have been still: as, for example, on January 15, with W. and 
S.W. wind; January 18, with N.W. wind; February 8, with 8. wind ; 
February 24, everything remarkably steady, with N.W. wind; February 27, 
strong N. wind and very slight tremors ; March 1, N.W. wind ; March 27, 
W. wind. 

On each of the above days the wind was unusually strong. The 
revolving roof above the column and the shutters rattled, whilst each 
gust of wind caused my house, which is of wood, to shake. When this 
latter happened, by carefully watching the pointers of an instrument 
through a magnifying glass, they were seen to tremble, and each 
trembling, which was momentary, corresponded with the impulses of the 
wind upon the outside of the building. There was no swing produced in 
the pointers, but only a temporary vibration along their length. The 
movements consequent on ‘earth tremors’ are distinct and continuous 
angular displacements, and not the vibration of pointers. 

2. Tremors often occur when the wind is high. They also occur 
when it is moderate, and when it is absolutely calm. The relationship of 
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such tremors to winds at a distance, and to barometrical gradients, have 
been discussed in previous Reports. Sometimes the tremors are only 
shown on the instruments recording N. and 8. motion, sometimes only on 
those which record E. and W. motion, and sometimes they are marked 
on all the instruments. 

3. One of the most important results obtained from the new method 
ef observation is that the so-called earth tremors do not appear to be 
movements resulting from a general vibration in the soil, such as might, 
for example, be caused by the falling of heavy weights. With a tremo- 
meter of the ordinary pendulum type a simple swinging, corresponding 
to the period of the pendulum, is only seen; and although it has been 
observed that the swing is not always uniformly to the right and left of 
the same point, this swinging might still represent a cumulative effect of 
minute vibrations. With the conical pendulum arrangement, the inertia 
of which is extremely small, although they sometimes appear to be 
moving with their natural period, it is oftener that their vibrations 
appear to be forced. By watching the spot of light as it fitfully swings 
from side to side, sometimes quickly and sometimes slowly, during a 
tremor storm, it is difficult to avoid the conclusion that the movements 
are produced by the tilting of the column. For example, on the night of 
February 14, when the barometer was low (29°6) and but little wind, all 
the E. and W. instruments were moving, while the N. and S. were still. 
The E. and W. light from time to time swung between 32 and 39 (1 divi- 
sion =2°5 mm.), and it seemed as if at irregular intervals, which did 
not correspond with gusts of wind, that the east side of the column had 
been lifted. On February 16, in the afternoon, whilst a strong N.W. 
wind was blowing for some time, the H.W. spot of light rested at 30, 
then it would move to 34, but return to 30. Five minutes later it stood 
at 35, but now and then it would move quickly to 40, and return to 30. 
It did not swing evenly on either side of any point. Similar observations 
have been made on other days. With the N. and S. recorder these 
effects, which are apparently due to tilting, have only been observed 
once or twice, and they were not well pronounced. It is probable that 
these movements may be due to the same causes, which at the time of 
very heavy winds I have seen to cause the bubble of a delicate level to 
pulsate. One result of these observations is that, for the present, at least, 
i can no longer regard earth tremors as movements which correspond in 
character to vibrations like those which may be produced by a steam- 
hammer or a railway train—on which I have often experimented—but 
rather that they are wave-like pulsations, irregular in period, and 
producing changes in level. 

They may possibly be the result of sudden variations in barometric 
pressure over large areas. 

4, During a tremor storm, which sometimes lasts for twenty-four 
hours, the range of motion is very variable, the intervals between periods 
of maximum movement being sometimes ten or fifteen minutes. If these 
motions are due to tilting, this means that the slopes of the wave-like 
pulsations are not equally steep. 

5. The photographic records, which refer to N. and S. motions— 
whether there are tremors or whether tremors do not exist—by the 
deviation of the spot of light, sometimes to the right or sometimes to the 
left, give evidence of angular motion of the mirror, which may be ex- 
plained on the assumption of tilting of the ground, warping of the column 
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or portions of the instrument by change of temperature, a variation in 
the condition of the fibre by change in moisture, or as an effect due to 
magnetic influences. Sometimes it appears that the southern side of the 
column had risen or sunk within a period of fifteen minutes. At other 
times the movement takes several hours. Usually it takes about as long 
to sink as it did to rise ; but this is by no means invariable, the upward 
motion being sometimes accomplished in a few minutes, whilst the 
lowering extends over several hours. The following are examples of 
these movements, which for convenience are described as an actual lifting 
or sinking of the south side of the column. 

February 9.—During the day the south side rose slightly, and sank 
again towards night. 

February 10.—About 4.30 a.m. the south sunk suddenly 2 mm., but in 
one hour returned to its normal position. 

February 11.—Between the morning and the afternoon the south side 
rose slowly. 

February 12.—No movement observable. 

February 13.—Steady rise of the south side, commencing in the morn- 
ing, and continuing until 8 p.m. and on to midnight. 

February 14.—From midnight of the 15th the south sank, the greatest 
fall taking place during the afternoon. This sinking continued steadily 
to the 15th. On the 16th this sinking was irregular. 

February 17.—Between 3.30 and 4.30 a.m. the spot of light moved 
2 mm. to the right and back to the left, indicating a rising and then a 
sinking of the south side. A similar movement, but of from 4 to 5 mm., 
took place in fifteen minutes, commencing at 9.30 P.M. 

February 18.—The south rose slightly during the day, and sank to- 
wards night. About midday there was a deflection like the two which 
took place on the 17th. 

February 19.—During three hours the south sank, and then rose in 
three hours, the range of motion being about 6mm. During the night 
the south agfin sank, and rose within a period of about three hours. 

February 21.—Karly in the morning the south slightly sank, and this 
continued until the afternoon, when within an interval of ten minutes it 
quickly rose. There was a sudden but slight sinkage at midnight. 

February 24.—During the whole day, and also at night, the south was 
slightly sinking. , 

February 25.—During the day the south was rising. 

February 26.—From 4 to 7 a.m. the south sank, after which it rose to 
Qa.m. In the afternoon it again sank ; &c. 

The deflections referred to as measured on the photographic record 
are usually about 2 mm.; it is not unfrequent that they reach 5 or 6 mm., 
and once they were as much as 15 mm. 

When the mirror has a period of four or five seconds, and it is 29 inches 
from the photographic plate, a deflection of 1 mm. might be due to a 
tilting represented by ‘25 inch per mile. The sensitiveness of the 
apparatus may be changed by altering the period of the mirror. The 
approximation given may also be used in giving angular values for the 
tremors which have been observed. 

The fact that the south side of the column appears to rise when the 
sun is on the south side of the house would indicate that the tilting was 
due to temperature, but as the same movements also take place during 
the night, and at irregular intervals, it cannot be an immediate effect of 
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sun-heat. Closing the shutters and blinds of the one window in the 
room does not alter the angular displacements. The N. and S. pointer 
of a glass fibre instrument standing on the 8.E. corner of the column may 
be altered by lighting a small stove which stands within 3 feet of the 
column, and raising the temperature of the room 20° to 30° Fahr. In a 
few hours this corner of the column becomes quite warm to the hand, 
and the pointer shows that the southern side has been warped or tilted 
upwards. Although the fire may burn all day, Ido not observe any 
change in the other instruments, and it is therefore difficult to imagine 
that the deflections which have been noted are the immediate result of a 
change in the temperature or hygrometric state of the atmosphere in the 
room where the column is situated. The character of the movements. 
is hardly such as might be expected from changes in declination. At 
the Magnetical Observatory, about two miles distant from my house, 
whatever changes have been recorded do not coincide either in character 
or in time with the movements under discussion. 

The conclusion arrived at is, that from time to time there is evidence 
that the column in my house is tilted sometimes quickly, but more gene- 
rally slowly. The cause of this tilting is not inside the house, but outside. 
It may be local, and due to variation in the temperature or the moisture 
in the ground. 

To determine whether the tilting extends over a considerable area a 
second photographic recorder is being erected in a seismological labora- 
tory about 400 yards distant from my private observatory. 

6. On January 28, at about 11.20 P.m., a small earthquake took place, 
after which it was observed that the N. 8. pointers of all the instruments 
had been displaced in the same direction. It appeared as if the south 
side of the column had been slightly tilted. Hast and west pointers 
were not disturbed. Subsequent earthquakes in February did not pro- 
duce any change. 

Earthquakes are recorded as streaks of light across the plate, and as 
the instruments aire so sensitive, they are capable of recording disturb- 
ances which ordinary instruments fail to indicate. 

In making these investigations I am now receiving valuable assistance 
from Mr. F. Townley, in Yokohama, and Mr. James Murdoch, in Omori, 
each of whom is provided with tromometers. My colleague, Professor 
W. K. Burton, has given me most valuable assistance in carrying out the 
photographic part of my work. 


Harty Tremors AND FiIrRepAmp. 


In 1884 I reported to this Association that in the previous year I had 
established a tromometer and other instruments underground in the 
Takashima Colliery, near Nagasaki. Shortly after they were put up a 
fall of the roof cut off access to the chamber where they were placed, and 
ever since they have remained buried beneath the bed of the Pacific 
Ocean. As Mr. John Stoddart, who took charge of the instrument, has 
died, and Nagasaki is so far distant, | have not been able to re-establish 
these observations, one of which was to determine whether the giving off 
of firedamp was in any way connected with earth tremors. 

In the ‘Proceedings of the Northern Institute of Mechanical and 
Mining Engineers,’ Mr. Walton Brown draws attention to the possible 
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connection between earth shakes, tremors, and the issue of firedamp, and 
refers to the work attempted at Takashima. 

Some years later the British Association appointed a committee to in- 
vestigate their possible relationships, and I believe that seismographs and 
delicate seismoscopes were set up in the Newcastle district. At the time I 
pointed out that such instruments could only record earthquakes, and it 
was unreasonable to suppose that there could be any connection between 
earthquakes and the ordinary outpourings of firedamp. The instru- 
ments required were tromometers, rather than seismometers and seismo- 
scopes, and in this Report I have defined the nature of the phenomena 
to be looked for, which are more like wave-pulsations than tremors. 
The instrument by which these may be investigated is the light form of 
conical pendulum already described. The records are not the same as 
those obtained from the swinging of a pendulum tromometer. We know 
that a curve showing the microseismic activity in Italy closely follows a 
curve showing the colliery explosions between 1860 and 1881 which have 
occurred in Germany. Unfortunately, we do not know anything about 
microseismic activity in Germany. From tromometric observations 
made at the Heole de Douai, by M. Chesneau, during February and March 
1886, and from observations on the escape of gas estimated by a Pieler 
lamp at the Hérin Mine (Compagnie d’Anzin), we learn that certain 
relationships between these two phenomena were established (see ‘De 
Vétude des mouvements de Vécorce terrestre poursnivie particuliére- 
ment au point de vue de leurs rapports avec les dégagements de produits 
gazeux,’ par M. Raynal, Ministre des Travaux publics; M. B. de 
Chaucourtois, inspecteur général, assisté de MM. Ch. Lallemand et G. 
Chesneau, ingénieurs au Corps des Mines, ‘Annales des Mines,’ Mars- 
Avril, 1886). 

Earth pulsations, like escapes of firedamp, usually take place when 
the barometer is low; but a more general rule for the occurrence of the 
former phenomena is, that they are observable whenever the district of 
observation is crossed by a steep barometric gradient. It would be of 
interest and of value to determine whether the escape of firedamp follows 
a similar rule, and, for the welfare of our mines and miners, tromometric 
observations ought to be inaugurated in the neighbourhood of some of 
the more fiery of our mines. The movements to be sought for are not 
minute earthquakes, tremors, or vibrations, but pulsatory movements 
which may be compared to the swell upon an ocean, 


ON THE OVERTURNING AND FRACTURING OF COLUMNS. 


In the Report for 1891 a short account of the results of experiments 
on the overturning and fracturing of columns was given. Partly in 
consequence of the terrible disaster on October the 28th of that year, 
when thousands of structures of all descriptions were overturned, 
shattered, or utterly ruined, these experiments are being extended. 

With regard to overturning we can now state with considerable 
accuracy the acceleration necessary to overturn a column-like structure 
of given dimensions. One set of experiments, in which Mr. F. Omori 
has continued to assist me, shows most clearly that a group of similar 
columns, whether they are large or small, heavy or light, so long as they 
have the same ratio of height to breadth, with horizontally applied motion 
will fall simultaneously. Further than this, the acceleration which was 
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recorded as having caused them to overturn is practically identical with 
that which may be calculated from their dimensions. The ratios of 
breadth to height varied from 1 : 24 up to 1: 9, and in each group there 
were at least six columns. These ratios are identical with the dimensional 
ratios of gravestones and other bodies overturned by the last earthquake. 
The actual sizes of the columns experimented on were not small; for 
example, one column, where the ratio of breadth to height is 1 : 25, was 
94 in. square and 25}in. high. One result of this work is that we can 
now go from place to place through the shaken district, and state with 
considerable accuracy the accelerations that were experienced. As we 
have one or two diagrams from the shaken area, we know, at least 
approximately, the period of the motion, and we can therefore calculate 
the amplitude and maximum velocity of motion which was experienced. 
Such calculations are now being made by Mr. F. Omori. 

From the formula given in the last Report, which showed a relation- 
ship between the dimensions, weight, and strength of a structure, and the 
acceleration which would shatter the same, we are now able to calculate 
accelerations from shattering phenomena. The greatest difficulty which 
had to be overcome in making these investigations was the collecting 
and subsequently determining the strength of portions of masonry 
structures which had been ruined. Altogether, 26 cases of brickwork 
have been obtained from the earthquake district, and the testing of their 
contents has been completed. Reference is made to the results of the 
calculations based on these experiments under the section relating to the 
Great Earthquake. 

The only new development of the fracturing formula has been to 
determine the form of a wall or pier which, rather than snapping at its 
base—as was the case with many structures at the time of the last earth- 
quake, and also with all the columns subjected to back and forth motion 
on the earthquake track—would be as likely to break at any one 
horizontal section as at any other. The effect of the last earthquake was 
to cause brick piers of railway bridges to snap at their bases, and it 
would therefore seem that the basal section required greater strength. 
This might possibly be obtained by increasing the basal dimensions at 
the expense of a portion of the brickwork in their upper parts, which, so 
far as offering resistance to effects resulting from their own inertia, were 
apparently more than sufficiently strong. As a result both of reasoning 
and observation, it is evident that in earthquake countries, piers, walls, 
chimneys, and the like should have vertical sections different from 
those which they receive in ordinary practice. A full account of these 
experiments will be published in a ‘Journal of Seismology’ which is 
shortly to be issued. 


Tae Great HartHQuake or Octoser 28, 1891. 


If we may judge from the contortions produced along lines of railway, 
the fissuring of the ground, the destruction of hundreds of miles of huge 
embankments which guard the plains from river-floods, the utter ruin 
of structures of all descriptions, the sliding down of mountain sides and 
the toppling over of their peaks, the compression of valleys, and other 
bewildering phenomena, we may confidently say that last year, on the 
morning of October 28, Central Japan received as terrible a shaking as 
has ever been recorded in the history of seismology. It is a subject 
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that might be written about at interminable length, and therefore in this 
short Report no attempt is made to give detailed descriptions of all that 
happened. _ 

Mr. F. Omori, who works with me in the Seismological Laboratory, 
has spent several weeks in the shaken district, and ever since has been 
busily engaged in analysing the materials he collected. Professor 
Tanakadate, with a staff of assistants, devoted himself to observations 
relating to the velocity of propagation of earth-waves, the curious sound 
phenomena, and, lastly, to a redetermination of magnetic elements in the 
devastated district. Dr. B. Koto has studied the phenomena from a 
geological standpoint. 

Under the title of ‘The Great Earthquake in Japan,’ in conjunction 
with Professor W. K. Burton, I have published a general account of the 
more striking phenomena which were observed, illustrating the same by 
a series of photographs. The questions to which greatest attention has 
been given are those of importance to engineers and builders, but 
inquiries and investigations have been made relating to everything 
which was thought to be of interest. A few days after the disaster, at 
the request of Professor D. Kikuchi, I drew up a circular containing 
some fifty queries. Ten thousand of these documents were issued, and 
now, here and at the Central Observatory, we are surrounded by boxes 
filled with newspaper cuttings and replies. Five per cent. of the whole 
may be of value, but yet it has all to be patiently examined. In addition 
to this material, there is that of our own collecting, which, in addition to 
what has already been mentioned, includes some hundreds of diagrams 
taken by seismographs of what seemed to be at one time an unending 
series of shocks which followed the great disaster. This chaotic mass of 
material is gradually being sifted, and assuming a form suitable for 
systematic investigation. Although many of the results may be marked 
by the magnitude of the phenomena they represent rather than by 
their novelty, we have already gone sufficiently far to see that certain 
observations can hardly fail in widening the circle of our present 
knowledge. 

The first notice that I received of the earthquake was at 6h. 39m. 11s. 
on the morning of October 28, whilst I was in bed. From the manner in 
which the house was creaking and the pictures swinging and flapping on 
the wall I knew the motion was large. My first thoughts were to see 
the seismographs at work; so I went to the earthquake-room, where to 
steady myself I leaned against the side of the stone table, and for about 
two minutes watched the movements of the instruments. It was clear 
that the heavy masses suspended as horizontal pendulums were not 
behaving as steady points, but that they were being tilted, first to the 
right, and then to the left, Horizontal displacements of the ground were 
not being recorded, but angles of tilting were being measured. That 
whenever vertical motion is recorded there must be tilting, and therefore 
no form of horizontal pendulum is likely to record horizontal motion, is 
a view I have often expressed. What I then saw convinced me that 
such views were correct. Next I ran to a water-tank which is 80 feet 
long, 28 feet wide, and 25 feet deep. Its sides are practically vertical. 
At the time it was holding about 17 feet of water, which was running 
across its breadth, rising first on one side and then on the other to a 
height of about 2 feet. It splashed to a height of 4 feet. It seemed 
clear that the tank was being tilted, first on one side, and then on the 
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other. Whilst this was going on trees were swinging about, telegraph- 
wires were clattering together, the brickwork of the tank was cracked, 
and the college workshop, a few yards away, was so far shattered that it 
has had to be partially rebuilt. The effect of the motion upon myself 
was to make me feel giddy and slightly sea-sick. The chimney of a 
paper-mill in Tokio fell, and also a chimney at the electric-light works in 
Yokohama. 

The constructor of the latter chimney derived some satisfaction from 
the fact that it fell as a heap of loose brick round its base, for had it 
been made of better materials, it might have toppled over in large 
masses, and destroyed neighbouring buildings. Many structures were 
slightly fractured. During the day twenty-one other shocks were re- 
corded, but nearly all of them were so slight that they failed to give a 
diagram sufliciently large for analysis. From the slow and easy, swing- 
ing nature of the motion, it was known that the shock was not of local 
origin, but that it had originated at a distance. As disturbances of this 
character had often reached us from an area beneath the Pacific Ocean 
about 400 miles to the north-east, it was from the northern parts that 
we expected to receive further information. The surmise that the origin 
was at a distance proved correct, but instead of being beneath the ocean 
to the north-east, it was beneath the land in an exactly contrary direction. 
The first news was that in Kobe, which is about 400 miles towards the 
south, many chimneys had fallen, earthquake shocks continued, and all 
were in alarm; whilst at Osaka, which is 356 miles from Tokio, a cotton- 
mill had collapsed and many people had lost their lives. Little by little 
news of destruction arrived from many towns, and as it came it grew 
more terrible. The scene of greatest disaster was the Nagoya-Gifu Plain, 
which lies about 140 miles W.S.W. of Tokio, and 80 miles N.E. of Kobo. 
In this district destruction had been total. Cities and villages had been 
shaken down, the ruins were burning, bridges had fallen, river embank- 
ments had been destroyed, the ground was fissured in all directions, and 
mountain sides had slipped down to dam the valleys. More accurate 
estimates of certain damages are now before us. The killed numbered 
9,960, the wounded 19,994, and the houses which were totally destroyed 
were 128,750. In addition to these there were many temples, factories, 
and other buildings. In an area of 4,176 square miles, which embraces 
one of the most fertile plains of Japan, and where there is a population 
of perhaps 1,000 to the square mile, all the buildings which had not 
been reduced to a heap of rubbish had been badly shattered. To rebuild 
the railway, reconstruct bridges, roads, and embankments, and to relieve 
immediate distress, about one and three-quarter million pounds sterling 
have been poured into the district, the greater portion of which came 
from the Imperial treasury. This sum, however, only measures a 
fraction of the total destruction. One hundred thousand houses have yet 
to be rebuilt, irrigation works have to be repaired; a value has to be 
given to land which has been buried by landslides or lost by what 
appears to be a permanent compression of valleys; there has been a six- 
months interruption of traffic and of industries, and nearly 10,000 
people have lost their lives—all of which are factors which cannot be 
overlooked when measuring the effect of an earthquake by the sum it 
takes to replace the damage it has occasioned. 

The immediate cause of this great disturbance was apparently the 
formation of a fault which, according to Dr. B. Koto, can be traced on 


ON THE EARTHQUAKE AND VOLCANIC PHENOMENA OF JAPAN. 117 


the surface of the earth for a distance of between forty and fifty miles. 
In the Neo Valley, where it runs nearly N. and S., it looks like one side 
of a railway embankment about 20 or 30 feet in height. The fields at 
the bottom of this ridge were formerly level with the fields now at the 
top of it. In Mino, where it strikes towards the east, it is represented 
by subsidences and mound-like ridges, suggesting the idea that they 
might have been produced by the burrowing of a gigantic mole. 
Although there is only 20 feet of displacement on the surface, from what 
we know of surface disturbances resulting from the caving in of sub- 
terranean excavations, the maximum throw of this fault is in all prob- 
ability very much greater than that which is accessible for measurement. 
Not only have the rice-fields been lowered, but, according to the 
peasants, the mountain peaks on the western side of the valley have 
decreased in height. 

Not only is there evidence of subsidence along this line, but there are 
many evidences of horizontal displacements. Lines of roads have been 
broken, and one part of them thrown to the right or left of their original 
direction ; whilst fields which were rectangular have been cut in two, and 
one-half relative to the other half been shifted as much as 18 feet up or 
down the valley. One result of this is that landowners find there has 
been a partial alteration in the position of their neighbours. A more 
serious change has been the permanent compression of ground, plots 
which were 48 feet in length now measuring only 30 feet in length. It 
appears as if the whole Neo Valley had become narrower. A similar effect 
is noticeable in the river-beds, where the piers of bridges are left closer 
together than they were at the time of their construction. 

Since the big shock about 3,000 minor shakings have been recorded. 
At Gifu and Nagoya, where most of these were felt, their distribution with 
regard to time was as follows, the numbers representing the number of 
shocks which were recorded during successive intervals of ten days :— 


Month Day Month Day Nagoya Gifu 
1891: X. 29 1891: XI. 7 559 1,132 
XI. 8 XI. 17 123 341 

XI 18 Al. 27 76 116 

XI 28 XII. é 48 139 

XIL 8 XII. 17 40 190 

XII 18 XII. 27 27 75 

XI. 28 1892: I. 6 36 87 

1892: I 7 I. 16 9 60 
17 I. 26 6 36 

I 27 II. 5 9 45 

II 6 II. 15 7 37 

II 16 II. 25 11 39 

II 26 Ill 6 9 40 

II 7 Ill 16 3 28 

Ill 17 Ill 26 3 13 

Ill 27 IV. 5 9 42 

IV 6 IV. 15 1 26 

IV L6 IV. 25 4 28 

Total 980 2,474 


The most violent shakings took place high up in the Neo Valley, on 
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the line of the great fault, and again in a district to the west of Nagoyal, 
about 25 miles farther south, in the middle of the Owari Plain. This 
second area of great disturbance may indicate the proximity of a second 
line of fracture not visible on the surface, or it may be an area where 
waves from various sides of the plane coalesced. 

With the first of these shakings great landslips took place, and moun- 
tains which were green with forest now look as if they had been painted 
yellowish white. The valleys in these districts have been filled with 
débris, and behind one of the dams which has been formed there is now 
a lake six miles in circumference. In one district on the eastern side of 
the plain we are told that mountain peaks fell in and depressions were 
formed. Depressions also occurred in some of the valleys, and the houses 
of farmers suddenly sank up to their eaves, burying their inmates in a 
sea of earth and mud beneath the floor on which they once lived. 

In the plains, river embankments which on the top are from 20 to 30 
feet in width, and have slopes of 8 to 1 and 2 to 1, were very much 
cracked and fissured. Usually these cracks were 2 or 3 feet in width, but 
in places they had so far united that openings 10 or 15 feet wide and 
about the same in depth had been formed. In all cases the fissures were 
parallel to the river bank, and it was in villages near these banks where 
destruction had been most complete. It might: be expected that these 
fissures would occur at distances of half wave-lengths from the river bank, 
and at similar distances from each other, but no such rule was observable. 
The general appearance of the ground was as if gigantic ploughs, each 
cutting a trench from 3 to 12 feet deep, had been dragged up and down 
the river banks. 

Fissures, out of which sand and water had been poured, sometimes to 
form small craters, were also to be seen on the open plains. These fissures, 
which seldom exceeded a foot in width, and which may have been formed 
by the compression of watery strata beneath, may possibly give an ap- 
proximate measure of maximum horizontal displacement, the direction of 
motion being at right angles to the direction of the fissure. 

Along the railway-line many curious appearances were presented. It 
was almost everywhere more or less disturbed, the exceptions being 
where it passed through small cuttings. Along these cuttings, although 
they might not be more than 20 or 50 feet in depth, the rails and sleepers 
were unmoved ; from which it may be inferred that the movement on the 
free surface of the plain had been much greater than the movement at a 
comparatively shallow depth. Measurements of the motion experienced 
on the surface and that recorded in pits 10 to 20 feet in depth have 
already been given in former reports. The results of these experiments 
have been practically applied to several buildings in Tokio, by giving 
them basements and a free area. The Imperial College of Engineering 
is such a building. It does not show the slightest trace of damage after 
the last earthquake, whilst at a distance of 20 yards the workshop, which 
is also a strong brick building, but rising from the surface, as already 
stated, has had to be rebuilt. This is the third time the Engineering 
College has escaped damage, whilst neighbouring brick buildings have 
been cracked in almost every room. 

Where the line was on the open plain, and only separated from it by a 
narrow ditch on either side, it appeared as if the ground had moved back 
and forth beneath the track until the gravel ballast had been piled up into 
bolster-like ridges between the sleepers. This indicated a longitudinal 
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motion, but in many places it was noticeable that the sleepers, relatively 
to the ground, had been moved endways. Neither of these movements 
greatly exceeded 6 inches. Wherever the line crossed a small depres- 
sion in the general level of the plain, even if it did not exceed 2 or 3 feet, 
at such places the whole of the track was bent from its straight course 
into a bow-like form, suggesting the idea that along these depressions, 
which are probably filled with softer material than that composing the 
plain, a greater quantity of motion had been transmitted, which, striking 
the line like a flood, had caused a permanent deflection. The more reason- 
able explanation is that these lines of soft material, like the valleys and 
river-beds, had been permanently compressed, and the amount of com- 
pression was measured by the amount of bending. Effects of compression 
were most marked on some of the embankments, which gradually raise 
the line to the level of the bridges. On some of these the track was bent 
in and ont until it resembled a serpent wriggling up a slope. Not only 
were there these horizontal foldings, but by subsidence or compression 
there were vertical folds, which in places gave the line the appearance of 
a switchback. Close to the bridges the embankments had generally 
disappeared, and the rails and sleepers were hanging in the air like huge 
catenaries. 

At the bridges, one of which, over the Kisogawa, and made up of 
200-feet spans, is 1,800 feet in length, the destruction was various. In 
nearly all cases wing walls had given way. At one brick bridge the abut- 
ments had been forced backwards, and the arch had fallen bodily between 
them down upon the roadway, where it lay in two big segments, looking 
like a gigantic toggle-joint. At the Nagara Bridge the piers, each of 
which consisted of five large iron columns filled with concrete and braced 
together, had in several instances not simply been broken at their bases, 
but they were snapped in pieces and thrown out upon the shingle beach 
of the river, where they lay like bits of broken carrot. The bridge 
was thrown 19 feet out of a straight line, and one of the foundations 
near the centre of the river moved 5 feet 2 inches up-stream. Where the 
greatest deflections occurred the foundations could not be positively 
recognised. 

Mr. C. A. W. Pownall, who constructed these bridges, and who gave 
me the above measurements, estimates the deflection on the line where it 
approaches the bridges at 1 foot 6 inches in a distance of 90 feet. The dis- 
tance through which the foundations of the Kiso Bridge have permanently 
approached each other is 2 feet in a span of 200 feet—that is to say, the 
contraction across the river-bed is 1 per cent. When all the piers of a 
bridge had not been broken, it was observed that those which escaped 
were the shorter ones, near the river banks. The longer piers of the 
Kisogawa Bridge had a cross-section of 22°5 feet by 10 feet, and a height 
of 29 feet above the plane of fracture, which was 4 or 5 feet above their 
foundations. They carried girders weighing about 200 tons. The shorter 
piers, which also had a cross-section of 22°5 feet by 10 feet, had heights 
of about 21 feet above their planes of fracture. They carried girders 
weighing about 22 tons. 

The tensile strength of the brick and cement work of these piers was, 
as shown by actual tests, unusually high, often reaching 100 lb. to the 
square inch. When making these tests, it was seldom that the cement 
gave way, fracture taking place either by the breaking of the brick or by 
separation between the cement and brick. 
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The tensile strength of brick and mortar work from cotton-factories. 
and other private buildings seldom exceeded 5 lb. to the square inch. 

Professor Tanabe, of the Imperial College of Hngineering, has very 
kindly applied the fracturing formula to the Kisogawa and other structures, 
with the following results :— 

The tall piers at the Kisogawa Bridge, which were broken, were 
capable of resisting an acceleration of 5-05 feet per sec. per sec., whilst 
the shorter piers, which were also broken, could have resisted a force in- 
volving an acceleration of 10°8 per sec. per sec. 

The acceleration in the neighbourhood of this bridge was therefore 
greater than the higher of these two numbers; because there is no 
necessity that one set of piers out of a series should only have half the 
strength of another group in the same series, or that any given structure 
should be weaker at its base than it is in its upper parts. So far as resist- 
ance to stresses consequent on horizontal movement is concerned, the 
writer ventures to express the opinion that when constructing in an 
earthquake country, ordinary engineering practice requires modification. 
Such modifications are being made by Mr. C. A. W. Pownall in the con- 
struction of a series of bridges now being built up the Usui Pass, in this 
country. 

For the Nagara Bridge, where cast-iron piers have snapped in two, 
the accelerations experienced have not yet been calculated. 

Leaving the railway works, and examining the various brick-and- 
mortar structures, like public buildings and mills, which existed at many 
towns upon the plain, we meet with hardly anything but absolute ruin. 
Two conspicuous brick-and-mortar ruins in Nagoya were the Post Office 
and a cotton-mill. Walls like these, even if not weakened by openings 
near their base, assuming them to have been 40 feet high and 1} foot 
thick, and with a tensile strength for their brickwork of 5 lb. per square 
inch—which is not an underestimate—might have resisted a suddenness 
of motion of a few inches per sec. per sec. From overturning phenomena 
and diagrams we know the acceleration impressed upon buildings in this. 
area may have been as much as 15 feet per sec. per sec. 

One curious form of destruction was that which was observed with 
many mill chimneys, which, with the exception of one in Yokohama, in- 
stead of breaking at their bases, gave way at about two-thirds their 
height. Sections near the bases of these chimneys were apparently 
sufficiently strong to resist the stresses due to the inertia of the upper 
parts, while sections at about two-thirds the height were so weak that 
they failed to resist the inertia effect of the upper one-third of the 
chimney. Calculations respecting these structures have not yet been 
made. 

The ruins of ordinary Japanese buildings existed along all the roads 
in never-ending lines. In some streets it appeared as if the houses had 
been pushed down from the end, and they had fallen like a row of cards. 
Where a row of buildings had only been partially pushed over, it was 
noticeable that those at the end had suffered more than their neighbours. 
Sometimes you passed acres of heaped-up rubbish, where sticks and earth 
and tile were so thoroughly mixed that traces of streets or indications of 
buildings had been entirely lost. 

Many of the ruined towns, like Kasamatsu and Gifu, caught fire, and 
all that remained was a sea of reddish earth and broken tile. At several 
places people were caught in the fallen ruins, and subsequently burnt to 
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death. The chief causes which led to the destruction of Japanese build- 
ings were :-— 

1. The heavy roofs, which are usually made of a heavy framework 
carrying a layer of heavy tiles bedded in a thick layer of mud. The 
roofs of the farmers’ houses are covered with a heavy thatch. These 
latter fell intact, and even now the country is covered with these saddle- 
shaped masses, which have served as temporary tent-like shelters. 

2. The want of cross-bracing and the thinness of the vertical sup- 
ports, the strength of which is reduced to perhaps an eighth of what it 
might be by a variety of tenons, mortices, and other cuts, made for the 
reception of cross-timbers. 

Both of these faults in the construction of an ordinary Japanese 
dwelling might be easily overcome, but from the buildings which are now 
being erected it is clear that the survivors prefer that to which they have 
been accustomed and can easily obtain. Buildings to resist earthquake 
motion are outside the experience of ordinary carpenters in Japan, and 
any novelty in construction would be expensive. For these reasons, 
coupled perhaps with the idea that severe earthquakes only recur at long 
intervals, the inhabitants of the Nagoya district are giving another trial 
to the old forms of construction. 

Among the buildings which were only shattered, but which did not 
fall, are two castles and several heavy-roofed temples. 

The castles stood, partly, perhaps, because they were well built, partly 
because they were surrounded by deep moats, but chiefly on account of 
their pyramidal form, their bases being sufficiently wide and strong to 
withstand effects due to the inertia of their upper parts. 

The temples undoubtedly resisted the severe movements partly 
because they were well built, but chiefly, perhaps, on account of the multi- 
plicity of jointed corbel-work, which comes between the upper parts of 
the supporting pillars and the heavy roof. If this had not existed, and 
acted as a yielding medium between the roof and its supports, it seems 
impossible that the latter could have resisted the inertia of the load above 
them. A 

A class of buildings which here and there escaped entire destruction 
were structures like some of the school-houses, which were built of wood, 
and framed according to foreign methods. 

The movements which caused all this terrible destruction throughout 
the Gifu and Nagoya Plain do not appear to have been waves which were 
entirely those of elastic compression and distortion. On the coast-line to 
the north of the devastated district we are told that the shore-line rose 
and fell, and with this rising and falling the waters receded and advanced. 
In the district itself many eyewitnesses tell us that they saw the ground 
in waves. 

Mr. Kildoyle, an engineer, who at the time of the disaster was in 
Akasaka, says that the waves came ‘down the street in lines. Their 
height may have been 1 foot, and the distance from crest to crest any- 
thing between 10 and 30 feet; but he very naturally added that he 
could not be sure of any measurements, as he was expecting that the 
houses on one side or the other of the street might at any moment fall in 
upon him. It may here be remarked that because on the street side of 
the houses in a town there are many openings, which make this side of 
the buildings weaker than they are at the back, the tendency is to fall 
forwards from two sides into the street. For the safety of the inhabitants 
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of a town, special attention ought to be given to the construction of shop 
and other frontages, and the streets be made wide. 

Another indication of wave movement is the statement of people who 
say that after they had been thrown upon the ground the movements of 
the earth rolled them from side to side. A station-master, who tumbled 
on the line as the station-house fell close behind him, showed the writer 
the manner in which he seized one of the rails whilst lying on the 
ground, the rail passing between his legs. While in this position he 
was tumbled from side to side, first striking the ground with one 
shoulder, and then with the other. 

Reasons for believing that in Tokio the ground was thrown into long 
undulations have already been given. First, there was the evidence of 
our sensations; secondly, the observation of the manner in which water 
moved in ponds; and, thirdly, the observations on the movements of 
bracket seismographs, which were tipped from side to side. The most 
certain evidence about the tilting is, however, that which is furnished by 
the diagrams of many seismographs, which, rather than showing a series 
of irregular waves with superimposed irregularities, in almost all cases 
show a series of clean-cut curves. In one instrument which was tested 
the periodicity of these curves did not agree with the period of the 
instrument, from which we may conclude that they had not been formed 
by swinging. Further, the periods of a consecutive series of waves are 
not constant. For example, one set of east and west tiltings followed 
each other, with periods measured in seconds of 3°4, 2°0,2°7,1°7, 4:1, 3:1, 
3°1, 2°7. On another instrument another set of waves, taken at random, 
followed each other at intervals of 1:9, 2°5, 1°3, and 2°6 seconds. These 
observations also preclude the idea that the records were obtained by 
swinging. The most interesting observation, however, is that a pair of 
conical pendulums, the bobs of which were supposed to be steady points, 
and which had no pointers for multiplication, gave diagrams about twice 
as large as similar, but smaller, conical pendulums which carried pointers 
to multiply any motion relative to their bobs six times. 

The actual records are as follows :— 


N.S. E.W. 
ca Motion Motion 
in. in. 
Large pendulums with booms 18 inches long . C ; 8 13 
Small pendulums with booms and pointe7's 9°5 inches long 4 8 


On the assumption that the bobs of these machines had acted as 
steady points, we should come to the conclusion that the range of north 
and south motion had been 8 inches, as given by one instrument, whilst 
it was only ‘66 inch as given by another, both instruments being in the 
same building. It is clear that these two instruments had not behaved 
as modern seismographs are supposed to behave at the time of an earth- 
quake, but because the displacements indicated are practically proportional 
to the length of boom, or the length of boom and pointers, that the 
instruments had been tilted, and the extent of the displacement measures 
maximum slopes of earth-waves. To interpret these measurements, it is 
necessary to place a level on the stand of the seismograph, and determine 
by experiment the angular values of tilting corresponding to measured 
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movements of the writing-pointers, the latter quantities varying with 
the amount of stability given to the horizontal pendulams. Immediately 
after the earthquake Mr. F. Omori very kindly made such determinations 
for a seismograph in the laboratory of the Imperial University, with the 
result that the maximum slopes which this seismograph had recorded were 
about one-third of a degree. Waves with these slopes, as shown on the 
diagram, succeeded each other at intervals of about 2:2 seconds. The 
vertical motion which was recorded was about 10 mm.; but as ordinary 
lever spring instruments, when the levers are not parallel to the wave- 
fronts, are as sensitive to tilting as horizontal bracket or conical pendu- 
lum seismographs, these measurements must be regarded as maximum 
rather than actual values. Combining the maximum wave-slopes with 
these records of vertical motion, we obtain certain values for the lengths 
of the waves, which may be taken at 18 or 20 feet ; and as we know their 
period, we may determine their velocity of propagation, which appears to 
haye been about 8 feet per second. This is exceedingly slow, but not- 
withstanding the errors in the observation of vertical motion, I do not 
think the velocity exceeded double this amount. The velocity of propa- 
gation of more truly elastic vibrations will be referred to later. 

From these observations, which I think are made for the first time, 
rather than concluding that modern seismographs are useless whenever 
vertical motion occurs, we see that on such occasions they must be 
regarded as angle-measurers. The action of any bracket seismograph 
when recording horizontal motions depends greatly upon its inertia, but 
to obtain the best measurements of tilting, any cause likely to produce 
Swinging should be minimised. To obtain a true measurement of vertical 
motion, the method which first suggests itself is to have a number of 
spring lever arrangements in different azimuths, the one which happened 
to have its arm at right angles to the direction in which the wave 
advanced being the one which would give the best results. 

Independently of any new instruments which may be devised to 
measure tilting, we now know that the instruments we already possess 
have a double function, not only measuring horizontal displacements, but 
also measuring angles of tilting. In order to take advantage of this 
second function, it is necessary that when a bracket or conical pendulum 
instrument is once set up, experiments should be made to determine the 
effects of tilting, otherwise, should it be tilted by an earthquake, its records 
will not be measurable. 

An investigation of considerable importance in connection with the 
intensity and direction of motion, which has been carried out by Mr. F. 
Omori, relates to the overturning of bodies of various dimensions. At 
all temples, which are more thickly distributed than the towns and 
hamlets, there are stone lanterns, standing on circular or square pedestals, 
whilst in the vicinity there are hundreds of gravestones, which are square 
or rectangular in section, and stand freely on their ends. Applying the 
overturning formula to some thousands of these which were overturned 
in the Nagoya-Gifa Plain, average minima and maxima values for the 
accelerations experienced at different points within the earthquake area 
have been determined. Inasmuch as the results given by the formula, 
which is due to Professor C. D. West, conform with the results obtained 
by experiment, we have every confidence in the figures given in the 
following table :— 
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Average Intensity and Mean Direction of Shock as experienced at Various 
Calculated by Mr. F. Omori. 


Places in the Shaken Area. 


Place, District, and Province 


Tsu, Ano, Tse . ; 3 : 
Yokkaichi, Miye, Tse : . 


Kuwana, Kuwana, Tse 

Tokonabe, Chita, Owari . 

Handa, r 

Toyohashi, Atsumi, Mikawa 

Okazaki, Nukada, s 

Atsuta, Aichi,, Owari 

Northern part of Nagoya (Toshogo) 

North-eastern corner of Nagoya 
(Kenchiuji) : : : F : 

Central part of Nagoya . 

Mean for Nagoya 

Bamba, Kaito, Owari 

Tsushima, ,, "4 

Jimmokuji ,, 

Shimo-Osai, Nishi Kasugai, Owari . 

Komaki, Higashi- Kasugai, 


Twakura, Niwa, a 


Koori, -. 
Tmaichiba ,, 
Tnagi ” ” 
Tchinomiya, Nakajima 
Kasamatsu, Haguri, Mino 
Gifu, Atsumi ~ 
Ogaki, Ampachi, 
Kitagata, Motosu - 
Beppu, » » 
Kurono, Katagata, Re 
Monju, Motosu, + 
Kojibara, ,, 
Komi, pa 
Higashi-Katabira Kani, Mino. 
Dota, ay 
Tmawatari, 's 
Mitake, - 
Takayama, Toki, is 
Tokiguchi, mn 
Tajimi, ; fee : 
Tkeda-Machiya, ,, Z 
Utsutsu, Higashi- Kasugai, ‘Mino 
Akechi 4 5 
Ono, Ono, Echizen 
Katsuyama, ,, 5 
Fujishima, Yoshida, ,, 

Fukui, Asuwa is 

Asozu, ” ” 

Midochi, Tmadate en 

Sabai, 0 ” 

Takefu, + ae 
Higashiura, Tsuruga, ,, 

Tsuruga, 

Nagahama, Sakata, Omi . 

Hikone, Onukami, ,, 


” 


Intensity in Milli- 


metres per sec. per sec. 


Direction 


< 2,000 
< 1,900 


2,000 
< 2,400 
2,000-2,700 


1,700-1,800 
< 900 
2,300-3,500 
2,600 


2,600 
2,500 
2,600 
> 4,100 


> 4,000 
> 4,300 


> 2,100 

>2 ,60 
2,300-4,000 
2,500-3,500 
4,000 

3,000 

3,000 


> 3,900 


< 1,900 
> 2,000 
> 2,400 
< 2,200 


About 1,600 
> 1,800 
> 2,000 


2,000 

> 2,000 

> 1,200 
About 1,200 
>1,300 
2,500 
<1,100 
About 2,000 
Peet et00) 

» 1,200 

» 1,300 

» 1,200 

» 2,400 

» 2,700 


S. 70° E.-N. 70° W. 
S.E. by E.N.W. 
by W. 

E. 10° N.-W. 10°S. 
E_W. 
S.E._N.W. 

S. 75° E.-N. 75° W. 


E.N.E.-W.S.W. 
S. 80° W._N. 80° E. 
8. 60° W._N. 60° E. | 


S. 65° W._N. 65° E. 
E.N.E.-W.S.W. 
E.-W. 
EW. 
Nearly N. and §. 
Chiefly E. and W. 
say W.S.W.—E.N.E. 
Chiefly N. and 8. 
say 8.S.W.—-N.N.E. 
§.W.-N.E. 


S. 15° W.-N. 15° E. 
W.N.W.-E.S.E. 
W.N.W.-E.S.E. 
W.S.W.-E.N.E. 
N.N.E.-S.S.W. 

Nearly E.-W. 


8. 50° W.-N. 50° E. 
S. 60° W._N. 60° E 
N. 20° W. 

8. 60° W. 
NS: 

S. 20° W._N. 20° E. 
N.S. 
W.N.W. 


N. and S$. 
S.W.-N.N.E. 
0° W.-N. 20° E. 
5? 


8.5.W. 
8. 20° W. 
§. 35° W._N. 35° E. 

E-W. 
Nearly N.-S. 


INES 


N.N.W.-S.S.E. 
Nearly N.-S. 
N.N.W.-S.8.E. 
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AVERAGE INTENSITY AND MEAN DIRECTION OF SHOCK, &C.—continued. 


Intensity in Milli- 


Place, District, and Province. metres per sec. per sec. Direction 
Kioto, Yamashiro 5 4 : < 1,200 8.S.W.-N.N.E. 
Tnari, Kii, sal. ae A F 3 About 1,000 N. 10° W.-S. 10° E. 
Fukakusa, ,, Hote 2 : : > 1,000 N.S. 
Fushimi, ,, aah ake : cs : S.S.E.-N.N.W. 
Nara, Yamato . 5 : ‘ F 8.8.W.-N.N.E. 
Horiuji - : 3 ; : About 1,300 8.S.E.-N.N.W. 
Osaka, Suttsu . ; : : z OOO 


The principal measurements obtainable from the records of seismo- 
graphs are as follows :— 


1. Tokio. Central Meteorological Station. 
Maximum horizontal motion, N. and S., about 28 mm. Period, 1:4 sec. 
ai e 5) E.andW. > 32mm. »  2°5-4.0 secs. 
3 vertical a 3:1 mm., with period ‘84 sec., and 4°4 mm. with 
period 2°3 secs. 


2. Tokio. Imperial University. 


Maximum horizontal motion, > 35 mm. Period, 2:0 secs. 


3 vertical + 9°5 mm, »  2'4 secs. 
3. Osaka. 
Maximum horizontal motion, 30mm. Period, 1:0 sec. 
7 vertical ns 8 mm. a eed Orsec: 
4, Nagoya. 
Maximum horizontal motion, > 26mm. Period, 1:3 sec. 
= vertical as 6:2 mm, » 15 sec, 
5. Gifu. 
Maximum horizontal motion, 18 mm. Period, 2:0 secs. 
x vertical » > 11:3 mm. » 09 sec. 


At the two latter places the records only showed the first half-dozen 
vibrations of the disturbance, after which the buildings feli, and the 
instruments were buried. 

At several places in the Neo Valley objects like gateposts have 
apparently shifted their positions by jumping, each leap being from 1 to 
A feet. 

Another observation, also due to Mr. Omori, is that the greater 
number of columns in one district fell in one direction, whilst those in 
another district fell in some other direction. Thus, in the southern part 
of the Nagoya-Gifu Plain, on its eastern side, columns fell towards the 
coast, whilst at towns on the western side of the plain they fell towards 
the east—an observation which suggests that the movements causing 
_ overturning had advanced eastwards and westwards, from a line or tract 
running north and south down the centre of the plain. In the northern 
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part of the plain the direction of motion, similarly determined, must have 
been more north and south. 

From the measurements of maximum acceleration, and from the 
records of seismographs which at Nagoya and Gifu gave for the com- 
mencement of the disturbance the period of the back and forth motions, 
we may approximately.determine the amplitude and maximum range of 
motion. The following are a few of such determinations, which it will 
be observed do not materially differ from the width of fissures found in 
the open country. The period taken is one and a half second :— 


Place Acceleration mm. per sec. Range of Motion 
West of Nagoya - ‘ 4,500 495 mm,=194 inches 
Komaki and Kasamatsu . 4,000 440 mm,=17%— ,, 
Gifu and Ogaki E : 3,000 330 mm.=13 - 


It must be remembered that all the numbers given referring to 
acceleration and range of motion only apply to the open plain, and not 
to free surfaces like river banks or lines of soft material like river-beds. 
A phenomenon which seemed to accompany most, if not all, of the 
Nagoya-Gifu shocks was a hollow, booming sound. These sounds, which 
accompany all great earthquakes, and even small ones, if they occur in 
rocky regions, have been discussed at considerable length in the ‘ Transac- 
tions of the Seismological Society’ (see vol. xii. p. 53, and p. 115). They 
are evidently the result of vibrations conveyed through the earth, and 
may be continuous with the large vibrations which constitute the earth- 
quake. Professor Tanakadate endeavoured to determine the intervals in 
time between the sounds and the subsequent shakings, Sometimes there 
was an interval of one or two seconds, whilst at other times the two 
phenomena were synchronous. The distance of the point of observation 
from the origin of these disturbances was in all probability at least 10 or 
12 miles. While the writer was at Nagoya, which may have been 
from 25 to 35 miles distant from the earthquake origins, the 
sounds never preceded a shaking by more than two seconds. Some- 
times they were synchronous, and often there were sounds without any 
subsequent shaking. 

Very many observations were made in Tokio, on the Gifu Plain, and 
in other places, to determine the velocity of propagation. These have not 
yet been computed, but disturbances appear to have reached Tokio at 
rates of about 8,000 feet per second. 

From observations made at the Zikawei Observatory, near Shanghai, 
which is, roughly, 1,000 miles distant, the velocity with which the move- 
ment was transmitted was about 5,104 feet per second. As stated in 
newspapers, the time taken to reach the Berlin Astronomical Observatory, 
in round numbers, was forty-nine minutes, the velocity of transmission 
being about 9,840 feet per second. The disturbance appears also to have 
been noted at the Magnetical Observatory in Potsdam. 

Although numerous experiments and observations have been made to 
determine the velocity with which motion is conveyed through the earth, 
we have not as yet any satisfactory explanation of the great differences 
which have been observed. 

From a long series of experiments, extending over several years, 
which were made in Tokio, where earth disturbances were caused by 


_* 


ON THE EARTHQUAKE AND VOLCANIC PHENOMENA OF JAPAN. 127 


exploding charges of dynamite, velocities were obtained varying from 
200 to 630 feet per second. All these experiments were made in 
alluvium. Amongst other results the following were of importance :— 

1. The velocity of transit decreases as a disturbance radiates. 

2. The velocity of transit varies with the intensity of the initial 
disturbance. 

3. The motions transmitted most rapidly are vertical free-surface 
vibrations ; normal motions come next, whilst the lowest records obtained 
were for transverse motions (see ‘ Trans. Seis. Soc.,’ vol. viii. p. 50, &e.). 

Mr. Mallet determined a velocity in sand of 824915 feet, and in 
granite, of 1664576 feet per second. General Abbott, at the destruction 
of Flood Rock, noted velocities as high as 20,526 feet per second. 
Professor 8S. Newcomb and Captain C. Dutton determined velocities for 
the Charleston earthquake of 17,072 feet per second. The highest velocity 
for a sound-wave through piano steel of density 7°7 is given by Tomlin- 
son at 5,198 metres (17,049 feet) per second. 

Although elastic vibrations may have been transmitted from the 
earthquake district 150 miles to the Tokio Plain at the rate of several 
thousand feet per second, the resultant gravity-waves in the Tokio Plain 
itself do not seem to have been propagated at a greater rate than a few 
feet per second. With these results before us, all we can say is, that 
earthquakes have caused motions in the ground, which apparently have 
been transmitted at rates varying between 10 feet per second and 20,000 
feet per second, the latter being a rate which is higher than that at 
which sound-waves are propagated through hard steel. Attention has 
often been called to these facts, but any explanation for them has not yet 
been formulated. 

The result of Professor Tanakadate’s magnetic survey has not yet 
been published, but I believe he finds that there is a slight irregularity 
in the curve, showing the daily change in declination, which does not 
appear to have been noticed before the earthquake. A curious observa- 
tion, made by Dr. Julius Scriba and other medical men, was that many 
of the troubles amongst the wounded, like tetanus and erysipelas, were 
in great measure due to the result of nervous excitement. From my 
own observations at a time when all were camped in the midst of ruin, 
and every few minutes a shock was heralded by a booming sound, the 
only effect that the great catastrophe had produced upon the people was, 
when they heard one of these unaccountable noises, to cause them to act 
with unusual quickness in seeking safety. Amongst the Japanese, so 
far as I could learn, there was no hysteria, fainting, or nervous prostra- 
tion like that which was observed amongst Huropean women. Although 
they were surrounded by ruin, the dead, and the dying, all that happened 
when a hollow thundering announced a coming shock was that they ran 
quickly for the open, shortly afterwards coming back laughing and 
talking about the terrible effects of earthquakes. Notwithstanding this, 
it is not unlikely that this disaster will have produced an impression 
sufficiently great that for many a year to come it will be commemorated 
by a religious ceremony, when services will be performed in honour of 
the dead. 

The Nagoya-Gifu Plain is a flat expanse of rich alluvium, covering 
an area of about 600 square miles. On its east and west sides it is fringed 
by low hills made out of tertiary tuffs lying at the feet, palzeozoic moun- 
tains which rise to heights of from 2,000 to 4,000 feet. These latter, 
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which stand up in serrated ridges and overlook the plain, are composed 
of slates, schists, and other metamorphic rocks. Here and there beds of 
limestone are found, and rising from the midst of these hills are several 
larger granite bosses. Volcanic rocks do not exist in this part of Japan. 
From ancient maps and historical accounts we know that the southern 
portion of this plain has rapidly been encroaching on the sea. This is, 
no doubt, largely due to sedimentation ; but because evidences of elevation 
exist at so many places along the eastern coast of Japan, it is reasonable 
to infer that the growth of iand may in part be attributable to this 
cause. A certain number of earthquakes are every year recorded in the 
Nagoya-Gifu Plain, but it is by no means so often shaken as many other 
parts of the Empire. A somewhat remarkable observation connected 
with the seismological history of this portion of Japan is the fact that, 
although written records of natural phenomena are usually fewer the 
further we go back in time, yet, from what has been chronicled, great 
earthquakes were more frequent in the district between Nagoya and 
Osaka in bygone times than they have been during more recent times. 
The last severe shakings at and near Gifu took place in 1826, 1827, and 
in 1859. Many ordinary buildings and even mountains suffered, people 
and animals were killed, rivers were stopped up, and floods occasioned. 
The shocks lasted for several days. A rather severe shock was felt on 
May 12, 1889. In 1880 there were shocks and sounds coming from the 
north-west. From 1885 to 1890 the number of shocks annually recorded 
in that district was respectively 9, 4, 10,12, 15, and 36. In 1888, in 
one locality near to the centre of the late disturbance, 19 shocks were 
recorded; in 1889 the number was 15; in 1890 there were 20 shocks ; 
and between January and October 1891, that is, up to the time of the 
great disturbance, 26 shocks were noted. These figures suggest the 
idea that for four years before the Great Harthquake there was a marked 
increase in seismic activity, and that an unusual number of small dis- 
turbances had heralded the great collapse. 

Even if it is only sometimes true that small shakings warn us of 
larger ones to follow, because the latter are so terrible in their effects, it 
would seem well to carefully study districts in which from time to time 
there are definite indications of an increase in underground activity. 

Harthquakes generally occur in mountainous countries where the 
mountains are geologically young, or in countries where there is evidence 
of slow secular movements like elevation. These latter movements are 
usually well marked in volcanic countries, and it is not unlikely that 
the majority of earthquakes, even in volcanic countries, are the result of 
the sudden yielding of rocky masses which have been bent until they 
have reached a limit of elasticity. The after-shocks are suggestive of 
the settling of disjointed strata. 

In Japan, the majority of the earthquakes which we experience do 
not come from the volcanoes, nor do they seem to have any direct con- 
nection with them. Assuming that the greater number of earthquakes 
represent interruptions in the general process of rock crumpling, it would 
appear that light might be thrown upon the time of their occurrence by 
careful observations on the change of level in a district where seismic 
disturbances were frequent. To accomplish this it is suggested that 
several miles of water-pipes be laid at right angles to a known axis of 
elevation, and that continuous photographic records be kept showing the 
height of the water in standards at each end of the line. A more com- 
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plete arrangement would be to have two lines of piping, placed at right 
angles. The cost of the installation would be about 500. 

In conclusion to this Report it must not be overlooked that the re- 
marks on the Great Earthquake only aim at giving an outline of phe- 
nomena which have been observed, and the general character of the 
results to which they lead. More detailed accounts will not be ready 
for publication for some months. 


Nineteenth Report of the Committee, consisting of Professor EVERETT, 
Professor Lord KeEtvin, Mr. G. J. Symons, Sir A. GEIKIE, Mr. J. 
GLaAIsHER, Mr. W. PENGELLY, Professor EpwarpD HULL, Professcr 
Prestwicu, Dr. C. LE Neve Foster, Professor A. S. HERSCHEL, 
Professor G. A. Lesour, Mr. A. B. Wynne, Mr. W. GaLLoway, 
Mr. G. F. Deacon, Mr. E. WrETHERED, and Mr. A. STRAHAN, 
appointed for the purpose of investigating the Rate of Increase 
of Underground Temperature downwards in various Localities 
of Dry Land and under Water. (Drawn wp by Professor 
EVERETT, Secretary.) 


Regret has been expressed in previous Reports at the scarcity of observa- 
tions from America. An important contribution towards supplying this 
lack is described in the ‘American Journal of Science and Art’ for 
March, 1892, under the heading ‘Preliminary Report of Observations 
at the Deep Well, Wheeling, West Virginia, by William Hallock.’ A copy 
of this Preliminary Report was sent by Mr. Hallock to the Secretary, 
and further details have been elicited by correspondence. The passages. 
between inverted commas in the following account are in Mr. Hallock’s 
own words. 

The well belongs to the Wheeling Development Company. ‘It was 
commenced in September, 1890, and sunk with rapidity to about 4,100 ft. 
by April, 1891. Then the Company, despairing of getting oil or gas, 
were about to abandon it, when Professor I. C. White persuaded them 
to deepen it and give it to science. Drilling was recommenced, and early 
in May they stopped at a depth of 4,500 ft., fearing to go further with the 
old Manilla rope.’ 

‘The hole was sunk by the ordinary oil-well outfit, i.e., a jumper drill 
onarope.’ It is dry, with the exception of a few feet of water at the 
bottom. 

‘About ten days after drilling stopped, Mr. F. H. Newell’ and Mr. 
Hallock ‘ took a series of temperatures at every 250 ft.’ 

‘The thermometers, immersed in zinc buckets of water, 3 ft. high and. 
4 inches in diameter’ (4 inch less than the diameter of the bore), ‘ were 
left in place for twenty-four hours. This series of May does not differ 
essentially from the later ones of June and July, and shows no sign of 
heat due to jumper.’ 

‘In June’ Mr. Hallock ‘returned to Wheeling, and during June and 
July made two very careful and complete series, which are given in the 
nee ima series touched every 250 ft. ; but the two series were shifted 
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so that the points of one series fell midway between those of the other 
series, thus touching every 125 ft. or thereabouts. When it is considered 
that these two series were taken a month apart, and yet nowhere differ 
by more than 0°3 F., it seems pretty good evidence of the accuracy and 
constancy of the results. Many of the points, as at 1,590, 2,500, 3,000, 
3,500, 4,000, and 4,460, were checked as many as four or five times.’ 

The thermometers were raised and lowered by steel wire, which also 
served to measure the depths. They were lowered to place about 11 a.m., 
and left till next morning, though trials showed that they had practically 
reached a stationary condition by 5 or 6 p.m. Sometimes they were left in 
for several days. They were of the Negretti maximum kind, used upside 
down. They were carefully compared, and corrections were applied not 
only for their index errors, but also ‘for the contraction of the recording 
column in cooling from the maximum temperature to the temperature at 
which they were read. They were put two (sometimes three) together, 
and hence always checked each other, agreeing very satisfactorily. They 
were hung upon a long spiral spring in the zinc bucket in water, or upon 
the wire 250 ft. from the bucket at the end.’ 

The well is cased with iron tubes to the depth of 1,750 ft. There 
are three of these tubes, the first reaching from the top to the depth 
of 400 ft., the second from the top to 1,200 ft., and the third or innermost 
from the top to 1,570 ft., the internal diameter of this last being 4% inches. 
No reliance was placed on the temperature of the cased portion. 

The strata are nearly horizontal, their dip being only 50 ft. to the 
mile; and the uncased portion consists almost entirely of shale, the onl 
important exception being an oil sand at from 2,900 to 3,000 ft. The 
conditions are eminently favourable for the purposes of the Committee. 

Tn view of the disturbance of temperature by convective circulation 
of water, which was proved to exist in the deep bores at Sperenberg and 
Schladebach (see Reports for 1876 and 1889), and was obviated by the 
use of special plugs for isolating any required portion, Mr. Hallock made 
careful experiments on the effect of isolation. Two series of woollen 
wads were placed ten feet apart, and thermometers in the intervening 
space gave the same indications as other thermometers above and below 
the wads. ‘In fact a thermometer simply tied on to the steel wire 
recorded the same as an isolated one.’ Nevertheless, as a measure of pre- 
caution to prevent circulation, long blocks nearly filling the hole were 
nearly always placed above and below the thermometers, except when 
they were in the long buckets. 

In endeavouring to account for the absence of convection in this dry 
bore, we are confronted with the fact that air is much more expansible 
than water, and therefore more easily put in motion by difference of 
temperature. On the other hand, the process of ‘jumping’ which was 
employed in the present case leaves the sides much rougher than diamond 
boring, which was the method employed at Sperenberg and Schladebach ; 
and this roughness tends to hinder circulation. 

The main difference to which we must look for the explanation is the 
difference of thermal capacity; this capacity, for equal volumes, being 
about 3,000 times as great for water as for air. It would thus appear 
that the air is so easily warmed and cooled, that the heat which it gives 
and takes does not sensibly affect the temperature of the walls, surrounded 
as they are by a practically infinite extent of rock tending to maintain 
them at their original temperatures. 


A a. 


ON THE RATE OF INCREASE OF UNDERGROUND TEMPERATURE. 13] 


The following is the Table of Observations : 


Depth, Temperature, Depth, Temperature, 

Feet Fahr. Feet Fahr, 

oO oO 

1,350 68°75 3,125 88°40 
1,591 7015 3,232 89°75 
1,592 70°25 | 3,375 92°10 
1,745 71:70 \| 3,482 93°60 
1,835 72:80 3,625 96°10 
2,125 76°25 3,730 97:55 
2,236 77-40 3,875 100:05 
2,375 79°20 3,980 101°75 
2,486 80°50 4,125 104:10 
2,625 82:20 4,200 105°55 
2,740 83°65 | 4,375 108-40 
2,875 85:45 4,462 110°15 
2,990 86°60 


When these observations are plotted they give a remarkably smooth 
curve. The portion from 1,835 to 3,252 ft. is nearly straight, with an 
average gradient of 1° F. for 82-4 ft. It then becomes gradually steeper. 

Beginning at the point where the casing stops, viz., 1,591 ft., the first 
244 ft. (1,591 to 1,835) give an average gradient of 1° in 92 ft. 


The next 651 ft. (1,835 to 2,486) give 1° in 84°5 ft. 
The next 746 ft. (2,486 to 3,232) give 1° in 806 ft. 
The next 643 ft. (3,232 to 3,875) give 1° in 62°4 ft. 
The next 587 ft. (3,875 to 4,462) give 1° in 58:1 ft. 


The mean gradient for these 2,871 ft. (1,591 to 4,462) is 1° in 71°8 ft. 

To determine the surface temperature, advantage was taken of a 
heading at the depth of 100 ft., which was being driven into new ground 
in a neighbouring coal-mine. A thermometer inserted in a hole bored 
3 ft. into the face of the heading showed 51°°3 on five successive days. 
This is checked by the mean annual temperature of the two neighbouring 
towns, Marietta and Steubenville, which, according to the Coast Survey, 
is 51°-5. Comparing the temperature 51°3 at 100 ft. with 110°-15 at 
4,462 ft., we have a mean gradient of 1° F. in 74:1 ft. 

The public spirit shown by the Wheeling Development Company in 
deepening this bore at great expense for purely scientific purposes cannot 
be too highly commended. There is reason to hope that the boring will 
be continued, with the aid of a steel rope, to at least 6,000 ft., so as to 
make this the deepest well in the world. 

Mr. Hallock, by whom the plan of observation was devised and carried 
out, is senior assistant in the Astrophysical Observatory of the Smith- 
sonian Institution, Washington. 

[A request for information as to the temperature of the water at the 
bottom has been answered by Mr. Hallock since the reading of the Report. 
The temperature of the water was observed in May 1891, and found to 
be 110°-36 at the depth 4,492 ft., as the mean of three observations, viz., 
110°-4, 110°-5, 110°2, at the respective depths 4,500, 4,500, and 4,475 ft. 

Mr. Hallock adds that this water leaked in at the depth of about 
2,900 or 3,000 ft. and ran down, amounting to about ten or fifteen gallons 
per day. ] 
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Report of the Committee, consisting of Professor G. CAREY FosTEr, 
Lord Kevin, Professor AyRTON, Professor J. PERRY, Professor 
W. G. Apams, Lord RayueicH, Dr. O. J. LopGr, Dr. JoHN 
Hopxrinson, Dr. A. MurrHeap, Mr. W. H. Preece, Mr. HEr- 
BERT TAYLOR, Professor EVERETT, Professor ScHusTER, Dr. J. A. 
FLeminG, Professor G. F. FitzGERALp, Mr. R. T. GLAZEBROOK 
(Secretary), Professor CHRYSTAL, Professor J. J. THomson, Mr. 
W. N. SHaw, Mr. J. T. Botromuiey, Mr. T. Gray, Professor 
J. V. Jones, Dr. G. JoHNSTONE STONEY, and Professor S. P. 
THompson, appointed for the purpose of constructing and issu- 
ing Practical Standards for use im Electrical Measurements. 


THE work of testing resistance coils at the Cavendish Laboratory has 
been continued. A table of values found for the coils is appended. The 
Committee have ceased issuing standards in terms of the legal ohm of 
the Paris Congress. As will be seen from Table I., most of the coils 
tested are ohms as defined by the resolutions of the Committee and the 
Electrical Standards Committee of the Board of Trade (see ‘B.A. Reports,’ 


1890 and 1891). According to these 
1 B.A. unit= +9866 ohm. 


1 ohm =1-°01358 B.A.U. 
TABLE I, 
B.A. Units. 
No. of Coil Resistance in B.A. Units | Temperature 
No. la *99929 ile 
No. 1b -99973 17°-7 
st No. le 99954 17°°7 
penen Bex G, re Vege 99928 17°8 
No. 105 9:9947 17°8 
No. 10¢ 9-9941 17°8 
Elliott,230: . . . iy No. 80 1:00016 14°-4 
Ohms 
No. of Coil Resistance in Ohms Temperature 

HMiott,259 2 ¢, No. 206 99744 15°-5 
Rlioh WED er bas fee cts ¢, No. 207 9:9788 15°-6 
Nalder, 3059 . . . ¢, No. 326 | 99941 14°°5 
Wlliott, 27% vol aed herb xi No. 327 | -99805 15%4 
Elliott, 272 ". as) . Ki No. 328 -99810 15°8 
MUliott, 273). 1 Mamet be ¢ No. 329 ‘99795 15°4 
HNO; 26> aL ee ae “iy No. 330 ‘99811 15°5 
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No. of Coil 


Elliott, 274 
Elliott, 275 
Elliott, 277 
Nalder, 3260 
Nalder, 3261 
Nalder, 3058 
Nalder, 3265 
Elliott, 284 
Elliott, 285 
Elliott, 286 
Elliott, 287 
Nalder, 3259 
Nalder, 3262 
Edison Swan 
Nalder, 3402 
Nalder, 3403 
Nalder, 3404 
Nalder, 3405 
Nalder, 3406 


Nalder, 3564 
Nalder, 3565 
Nalder, 3566 
Nalder, 3567 
Nalder, 3568 
Nalder, 3569 
Nalder, 3558 
Nalder, 3557 
Nalder, 3558 


Edison Swan 


A 
° 


1A 
° ° 


Zz 
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Zane ie, 
9° 
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yz zm 
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Resistance in Ohms Temperature 
99860 72 
99862 Le 
9:9862 17°-1 

99912 14°7 
9:9970 14°5 
“99897 13°-9 
“99668 13°-9 
-99870 127 
“99856 12°-9 
“99670 12°8 
9-9707 129-8 
“99879 13%2 
9:9955 13° 
99945 14°°5 
“99971 16°°7 
‘99967 16°°5 
‘99970 16°°7 
‘99960 16°4 
“99960 16°3 
“99962 16°-4 
“99957 16°4 
“99960 16°°5 
“99949 16°°4 
‘99961 16°°5 
‘99964 16°-5 
9-9928 15° 
99-902 14° 
999-09 13°-8 
99994 14°-4 


Of the ohm coils the three first in the table have been tested before 
It was thought desirable to reissue the certificates in 
A large number of the other coils 


(‘ Report,’ 1891). 


terms of the new ohm standards. 
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were constructed as legal ohms, hence the values of the resistance given 
in ohms at temperatures of 14° or 15° are low. The coils in many cases: 
are very nearly legal ohms at the temperatures given, while they will be 
ohms some 8° or 10° higher. 

In addition to the coils given in the table, four ohm coils constructed 
by Messrs. Elliott Bros. for the Board of Trade, one of which is to be 
selected as the legal unit of resistance for the United Kingdom, were 
tested very carefully. Some fourteen or fifteen comparisons were made 
for each coil at temperatures between 9° and 18° between June 1891 and 
January 1892. The coils were compared directly with the B.A. unit 
‘ Flat,’ the difference being expressed in terms of the bridge wire; while 
in another series of observations a coil of resistance, 100 ohms, was put 
in multiple are with the ohm standard and the difference between ‘ Flat’ 
and the combination found ; in this case the length of the bridge wire 
used was small, and the possible error arising from uncertainty as to its 
exact temperature was avoided. That this error was very small was 
proved by the fact that the two sets of observations gave practically 
identical results. The following are the results :— 


Elliott, 261 : : . cy No. 300 1+ "000309 (¢—15:35) 
Elliott, 262 : 4 : 6. No. 301 1+ ‘000310 (¢—15°35) 
Elliott, 263 - - ; ¢, No. 302 1+ ‘000300 (¢ — 15-4) 
Elliott, 264 ; ; . G, No. 303 1+ ‘00031 (¢—15:4) 


In the case of two of the coils, Nos. 261 and 263, there was one 
observation for each which differed from the value given by the above 
formula by ‘00015 ohm, and this was due to the fact that the ends of the 
coils had got dirty and needed reamalgamation. None of the other 
errors in the sixty observations exceeded ‘00008 ohm, and there were 
only eight which were as great as ‘00005. Thus the resistances of these 
coils are known in terms of the B.A. standards to a very high degree of 
accuracy. 

During the year Messrs. Elliott Bros. have supplied the Committee 
with two l-ohm and two 10-ohm standards; the tests of these are in 
progress ; two 100-ohm standards are on order. Messrs. Nalder Bros. 
are also constructing some standards. The Fleming bridge belonging to 
the Association has been put into thorough repair; the mercury had 
damaged some of the copper connecting pieces. 

The Secretary and Mr. Skinner have continued during the year their 
experiments with Clark cells. These have been communicated to the 
Royal Society, and the paper is being printed in the ‘ Phil. Trans.’ 

They find that the E.M.F. of their standard cell is 1:4342 volt at 
15° C., while cells set up by Lord Rayleigh in 1883, 1884, Mr. Elder in 
1886, Mr. Callendar in 1886, Dr. Muirhead in 1890, Dr. Kahle of Berlin, 
Dr. Schuster, Mr. Wilberforce, Mr. Griffiths, and themselves in 1891 and 
1892 agree closely, the variations among them all being very rarely 
greater than ‘0005 volt. 

During the Edinburgh meeting the Committee were honoured 
with the presence of Dr. von Helmholtz, M. Guillaume of Paris, Pro- 
fessor Carhart of the United States, Dr. Lindeck and Dr. Kahle of the 
Berlin Reichsanstalt. These gentlemen came by invitation to consider 
the question of establishing identical electric standards in various. 
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countries, and two meetings of the Committee were held, at which dis- 
cussions took place. Major Cardew, of the Board of Trade, was present, 
and took part in the discussion. Dr. von Helmholtz drew special 
attention to the need for having a unit of resistance defined in terms of a 
specified column of mercury, and pointed out that the difficulty arising 
from the uncertainty of the relation between the centimetre and the 
gramme might be avoided by defining the mass of mercury column of 
given length, which has a resistance of one ohm. After discussion the 
following resolutions were agreed to :— 

1. That the resistance of a specified column of mercury be adopted 
as the practical unit of resistance. 

2. That 14°4521 grammes of mercury in the form of a column of 
uniform cross section 106°3 m. in length at 0° C. be the specified column. 

3. That standards in mercury or solid metal having the same resist- 
ance as this column be made and deposited as standards of resistance 
for industrial purposes. 

4. That such standards be periodically compared with each other, and 
also that their values be redetermined at intervals in terms of a freshly 
set up mercury column. 

It was further agreed that these resolutions should be communicated 
to the Electrical Standards Committee of the Board of Trade. 

With regard to the unit of current and of electromotive force, it was 
agreed that the number ‘001118 should be adopted as the number of 
grammes of silver deposited per second from a neutral solution of nitrate 
of silver by a current of 1 ampere, and the value 1:4534 as the electro- 
motive force in volts of a Clark cell at 15° C. 

Dr. von Helmholtz expressed his full concurrence in these decisions, 
which are, as he informed the Committee, in accord with the recommen- 
dations which have already been laid by the Curatorium of the Reichs- 
anstalt, as well as by himself, before the German Government. 

The Committee wish to place on record their thanks to Dr. von 
Helmholtz and the other visitors for the help they have afforded them in 
coming to so satisfactory a conclusion. 

Dr. Lindeck laid before the Committee some information as to the 
properties of the manganese alloy used at the Reichsanstalt for resistance 
coils (see Appendix IV.), and it was agreed that it was desirable to obtain 
copies of the German standards in manganese for further comparison with 
the standards of the Association. The Committee therefore recommend 
that they be reappointed, with the addition of the name of Mr. George 
Forbes, and with a grant of 25/., including an unexpended balance of 
101.; that Professor G. Carey Foster be Chairman, and Mr. R. T. 
Glazebrook, Secretary. 


APPENDIX I. 


Information circulated by the Secretary for the Meeting of the Committee on 
August 4, 1892, with additional Notes. 


The Report of the Electrical Standards Committee of the Board of 
Trade is printed in the ‘B.A. Report’ for 1891. Further information as 
to the values of the units is given in the ‘B.A. Report’ for 1890. The 
following summary may be of use :— 
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The Board of Trade Committee recommended for adoption the values 
-9866 and 106°3. 
The specific resistance of mercury in ohms is thus 


"9407 x 10~. 


Also 1 Siemens unit = ‘9407 Ohm 
= °9535 B.A.U. 
1 Ohm =1°01358 B.A.U. 


The results found by Lord Rayleigh were reduced by the use of the 
value for the specific resistance of mercury in B.A. units found by him. 
If instead we use the value -9535, the mean of the best determinations, 
we have, as in the table, for the length of the mercury column having a 
resistance of 1 ohm the values 106°27 and 106°31. At the meeting of the 
Committee M. Guillaume stated that a correction should be made to M. 
Wuilleumeier’s value, which would raise it to 106:31. This arose from 
some uncertainty as to the correction required to the resistance of mercury 
for change of temperature on which M. Guillaume had been working 
lately. Taking these corrections we arrive at 106°31 as the mean of the 
above. 


2. The Electrolysis of Szlver. 


The following values have been found for the mass of silver deposited 
from a solution of silver nitrate in one second by a current of 1 ampére :— 


Mascart, ‘J. de Physique,’ iii. 1884 . : ; - *0011156 
Rayleigh, ‘ Phil. Trans.,’ li. 1884 ‘ ; : - 0011179 
Kohlrausch, ‘ Wied. Ann.,’ xxvii. 1886 . 3 - 0011183 
T. Gray, ‘ Phil. Mag.,’ xxii. 1886 5 ‘ about -001118 

Potier et Pellat, ‘J. de Physique,’ ix. 1890 : - “OOLTI92 


Dr. Schuster has shown (‘ Proc. R.S.,’ 1. 1892) that the amount of 
silver deposited when the voltameter is in a vacuum is about ‘04 per 
cent. greater than when it is in air. 


3. Clark Cells. 


The following values have been found for the E.M.F. of a Clark cell 
at 15° C. They have been reduced from those given in the original papers 
on the supposition that 1 B.A.U. =:9866 ohm, and that the mass of 
silver deposited per second per ampére is ‘001118 gramme :— 


Rayleigh, ‘ Phil. Trans., ii, 1884 . : : . 14345 Volt 
Carhart . ; : : : ‘ ; . 1:4340 ,, 
Kahle, ‘ Zeitschrift fiir Instrumentenkunde, 1892. 1:4341 ,, 
Glazebrook and Skinner, ‘ Proc. R.S.,’ li. 1892 . 14342 ,, 


A comparison has been made between the standards of the Association 
and the Berlin standards through a Clark cell and a resistance coil 
belonging to Dr. Schuster. By the kindness of Dr. von Helmholtz the 
Secretary is able to communicate the results of a direct comparison 
between the two sets of standards to the meeting (see Appendix VIII.). 
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APPENDIX II. 


On the Change of Resistance of Mereury with Temperature. 
By M. G. Guiniavume. 


At .the meeting of the Committee M. Guillaume communicated the 
results of his determination of the relation between the resistance of 
mercary and the temperature. Great precautions were taken with the view 
of ensuring that the whole of the mercury in the tube should be at the 
temperature of the bath. 

Two series of determinations with different arrangements in the 
bridge were made. The results of these two series give for the resistance 
of mercury in a glass tube in terms of the temperature the values— 


(a) Ry=Rpy (1+-00088023T + -0000010063T2) ; 
(b) Ry=Ry (1+ °00088157T + -0000009909T?). 
And for the specific resistance of mercury the values— 


(a) p=po (1+:00088745T + 000006181 T2) ; 
(b) py=po (1+°00088876T + 0000010022”). 


In the formulx T is the temperature reckoned from freezing-point by the- 


air thermometer. According to Mascart, de Nerville, and Benoit— 
R,=Ry (1 +°0008649T + -00000112T?) ; 

while according to Strecker— 
R,=Ry (1+ °000900T + -00000045T?). 


APPENDIX III. 
On a Special Form of Clark Cell. By Professor H. J. Carwarr. 


Portability—Standard cells must be portable in order to make them: 


serviceable for general, technical, and scientific purposes. To secure 
portability I have adopted the following construction : Into the bottom of 
a glass tube # in. x 21 in. is sealed a platinum wire. In filling pure dis- 
tilled mercury is first poured into the tube. On this is placed the 
mercurous sulphate paste. A tightly fitting cork diaphragm is then 
pushed down firmly upon the paste. Some zine sulphate solution is 
then poured in, and a zinc rod is immersed in this solution, its lower end 
touching the cork. The tube is then securely sealed. Such a cell is 
perfectly portable, and may be sent by post without disturbance to its 
contents. 

Temperature Coeffirient.—It is well known that an increase in the 
density of the zine sulphate solution decreases the E.M.F. of a Clark 
cell. This effect is included in the temperature coefficient of a Clark 
cell containing crystals of zinc sulphate, since some of the crystals 
dissolve when the temperature rises and the density increases. When 
the temperature falls recrystallisation occurs. To avoid the change in 
E.M.F. due to this change in density I have preferred to use a solution 


saturated at 0° C, Such a solution I have found to have a specific: 


———- 


AS 


| 
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gravity of 1:397 at 20°C. The E.M.F. of the cell is then 1°44 volt if 
the Clark cell as made by Lord Rayleigh be taken as 1:434 volt. 
The temperature coefficient may be written as follows :— 


E,=E,, {1—-000386 (¢—15)+-0000005 (¢—15)?}, 


or per degree the coefficient is 
— ‘000887 + 000001 (f-15). 


This is almost exactly half the value usually obtained for the Clark cell 
with crystals. 

A cell made with such a solution has the advantage that it reaches its 
equilibrium quickly after a change of temperature. Cells made in the 
old way require time for the process of crystallisation and for diffusion. 


APPENDIX IV. 


On Wire Standards of Electrical Resistance. By Dr. St. Linpeck, 
Assistent bei der Physikalisch-Technischen Reichsanstalt, Charlottenburg, 
Berlin. 


It is well known that electrical resistances made out of the alloys gene- 
rally used for this purpose, as German-silver, nickelin, &c., change their 
value in the course of time, and this in a degree which cannot be allowed 
in measurements meant to be at all accurate. Such a variation is natu- 
rally the greater the more unstable the material and the shorter the time 
elapsed since winding. 

The following is a short account of the researches conducted in 
the Physikalisch-Technische Reichsanstalt in Charlottenburg on this 
subject by Dr. Feussner and myself. That investigation had to be under- 
taken specially, as it is one of the duties of the Hlectrotechnical Labora- 
tory of this institution to secure that reliable standards of resistance may 
be obtainable by electricians. 

We found by preliminary experiments that by more or less continued 
heating a coiled wire showed an interesting variation of its resistance, 
which led to a systematic investigation of the whole question." 

For different materials we determined :— 


1. The chemical composition, the temperature-coefficient, and the 
specific resistance of the material. 

2. The variation of resistance through the strain produced by winding. 

3. The time-variation during the period subsequent to winding. 

4, The influence of heating to different temperatures. 


A piece of the double silk-covered wire was wound on a wooden 
bobbin and its ends soldered to thick copper bars. The bobbin was 
placed directly in a petroleum bath, in order to determine exactly the 
temperature, and its resistance was accurately measured by a Wheat- 


1 Some of the results here quoted as to the influence of stress and of a moderate 
rise of temperature were previously arrived at by Dr. T. Klementit (Sitz.-Ber. Wien. 
Akad. 97, 1888). 
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stone’s bridge arrangement. As regards the variation of resistance 
through winding, it was observed that the resistance of all kinds of wire 
increased by winding, as would be expected, the increase being more pro- 
nounced for a given gauge of wire the less the bobbin’s diameter. This 
increase is due to a mechanical hardening of the wire by strain, and it is 
well known that the resistance of any metal is less in the annealed state 
than in the hardened condition. At the same time an elongation can 
hardly be avoided, especially with thin wires, also causing an increase 
of resistance. As the gauge of the wires generally was 1 mm., this 
second cause was of secondary importance. 

In the first place we investigated a German-silver alloy which the 
firm of Siemens & Halske in Berlin used for standards at that time. It 
appeared that the increase of resistance through winding could amount 
to 1 per cent., and that the time-variation during the following months 
was very considerable ; the latter showed itself always as an increase of 
resistance. Another remarkable circumstance is the further increase of 
resistance (amounting to a few tenths per cent.) by heating such a wire 
for several hours at about 100° C. 

It might be supposed that the wire would be annealed by the effect of 
the high temperature, and that its resistance would therefore decrease. 
But our extensive investigations gave the important result that heating 
causes an increase of resistance in all alloys containing zine to any con- 
siderable amount. On the other hand, all alloys examined containing no 
zine show a decrease of resistance under the same conditions. The 
increase of resistance by winding is also much more pronounced with 
alloys containing zinc than with those in which this metal does not occur. 
All this seems to point out that in the former alloys changes of structure 
go on, which are accelerated by any kind of stress or by variations of tem- 
perature, and always tend to increase the resistance. These changes of 
structure also become apparent by the time-variations, which occur when 
the resistance coil is left to itself. The latter observations are in perfect 
agreement with what was found by former observers on the time-variation 
of German-silver. The interesting result was then arrived at, that the 
time-variation would be much accelerated by heating the resistance at a 
high temperature, say 100° C., for a few hours. Within two months 
after winding, the period in which German-silver varies most, variations 
could not be shown within the errors of observation in wires treated in 
the manner described. During longer periods, say one or two years, 
variations would still occur, even with annealed German-silver coils. But 
they hardly reach the tenth part of those occurring when this process has 
not been gone through. 

The following table shows the results of one of the experiments with 
two wires of German-silver (60 per cent. Cu; 25°4 per cent. Zn; 14°6 
per cent. Ni), the specific resistance of this material being 30 microhms 
per on and its temperature-coefficient 0-036 per cent. per degree Cen- 
tigrade. In both cases the wire (1 mm. in thickness) was wound on 
a bobbin of 10 mm. diameter. The wire marked I. was left to itself 
after winding, whereas the wire II. was annealed after winding by 
heating it to a temperature of 90° Centigrade during three hours. The 
resistance of each was measured at intervals of nearly two months 
from time to time. 
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Taste I1.—German-silver. 


I. (not annealed after winding) II. (annealed after winding) 


| 
| 
| 
et 
| 


352 } 863% 
BOE } dO & 
Date 3B 2 5S Remarks || Date 2 To) Remarks 
£28 238 
1889 | 1889 | 
13/II. | 2°2460 | Before winding 13/II. | 2:2470 | Before winding } 
14/II. | 2:2594 | After winding. Zn-| 14/II. | 22666 After winding. Jn- | 
crease through wind- |, crease through wind- | 
ing, 0°60 per cent. ing, 0°87 per cent. 
15/II. | 2°2597 -— | 15/II. | 22733 | After heating to 
90° C. during three 
hours; inerease 
through heating, 
0:29 per cent. 
16/11. 598 ~~ 16/II. 732 | ~ 
22/11. 603 = 29/II. 733 = 
4/III. 608 —_ 4/IIT. 734 _ 
19/III. 612 _— 19/III. 729 | Temperature changed 
during the measure- , 
: | ment 
6/IV. | 615 | Time-variationintwo || 6/IV. 732 | Time-variation in two | 
months, 0:09 per cent. months, practically | 
nothing 
| 


The above table shows clearly that annealing a wire after winding 
has a very good effect on the constancy of the resistance. 

Quite analogous results were obtained with other alloys containing 
zine, e.g., nickelin, which has been much used for standards in Germany. 
The less the percentage of zinc, the less became the above-mentioned 
variations of resistance. 

As these zinc-containing alloys showed themselves so unreliable, we 
extended our investigations to other alloys. 

A few years ago the firm of Siemens & Halske in Berlin made use of 
an alloy on account of its comparatively low temperature-coefficient (0-02 
per cent. per 1° C.), called patent-nickel. This was tested in_ the 
Reichsanstalt in the same way as the other alloys. It contains about 
25 per cent. of nickel and 75 per cent. of copper. The experiments 
gave the following results :— 

1. The variations of resistance by winding are considerably less for 
this material than with alloys containing an appreciable amount of zinc. 

2. Heating produces a decrease of resistance ; this decrease is some- 
times greater than the increase by winding, because the hardening 
produced by drawing the wire is also diminished. There is, however, 
not the slightest evidence for a change of molecular structure. 

Materials with such properties are evidently much more appropriate 
for the construction of standard resistances. It was, indeed, found, by 
comparison with mercury resistances, that coils of ‘ patent-nickel,’ which 
had been, as we call it, artificially aged by heating at about 140° C., have 
remained constant for two years within a few thousandths per cent. In 
the following table, for instance, are stated the differences of two patent- 
nickel standards of 1 ohm (No. 22 and No. 23), as observed at different 
times :-— 
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TasBLe LY. 
Date Difference of No. 23-No. 22 Date Difference of No. 23-No. 22 
in Ohms in Ohms 
1890 1891 
21/VI. 000012 9/V. 0:00009 
tinct 15 | 30/VII. 10 
25/XI. 115 1892 
1891 ! 1/III. 87 
29/I. 10 |  21/V. 9°5 
2/V. 8 | 19/VILI. 9-4 


On the other hand, from comparisons of the sum of No. 22 and 
No. 23 with four different mercury standards (I., II., III, and IV., each 
of about 1 ohm), I proved that the absolute values of the two standards 
had remained constant within the errors of observation, as the following 
numbers show :— 


TABLE V. 
Values of No. 23 at 20° C. deduced from Comparisons of No. 22 
= +No. 23 with the Mercury Standards 
| 

Date II.+ III. J. + II. IIL.+IV. I.+I1V. 1.411. 

Nov. 1890 -- 0:99990 0:99986 0:99988 — 

Feb. 1891 0:99989 88 — — = 
June 1892 85 88 — a 0:99986 
July 1892 89 89 -- _— 89 


The ‘ patent-nickel’ would therefore be a material well fitted for 
resistance-coils. A large number of alloys were also examined, consisting 
of nothing but nickel and copper. An alloy containing about equal 
amounts of each metal was found to have an extremely small tempera- 
ture-coefficient, the latter amounting to about 0:003 per cent. per 
Centigrade degree as against 0:02 per cent. for patent-nickel. Unfortu- 
nately, however, the thermo-electric effect of these alloys against copper 
is very high. For the alloy just mentioned (consisting of 50 per cent. 
Cu and 50 per cent. Ni, called ‘constantan’) it amounts to nearly forty 
microvolts per degree Centigrade, considerably surpassing the thermo- 
electromotive force of most of the usual thermo-junctions, like iron— 
German-silver, for instance. This high thermo-electric effect evidently 
constitutes a considerable drawback, as the connecting pieces have to be 
made of copper. 

On the whole our experience has led us to the conclusion that for 
standards such alloys do best which, besides copper and nickel, also 
contain manganese. A few years ago Mr. Weston, of Newark, U.S., 
discovered that alloys containing manganese possess a very small tem- 
perature-coefficient, and that it is even possible to obtain metals with 
negative temperature-coefficient in this way. I am not aware how far 
this discovery has been practically taken advantage of in the United 
States. After hearing of Weston’s observation the further investigation 
of manganese alloys was taken up at the Reichsanstalt, and we obtained 
very interesting results. 


ON STANDARDS FOR USE IN ELECTRICAL MEASUREMENTS. 143 


The alloy, which is now being regularly manufactured and brought 
-out under the name of manganin, consists of 84 per cent. of copper, 
‘12 per cent. of manganese, and about 4 per cent. of nickel. As the 
-observations made by me for the last two years in the Reichsanstalt have 
shown, this is a most appropriate material for standard resistances. 

The general character of the resistance-variations of manganin with 
temperature may be best understood from the diagram (fig. 1), in which 


Bre. 1: 


Tem peratiwre: wm—> 


temperatures are taken for abscisse, and the resistances of a hundred-ohm 
standard are plotted as ordinates. In this case up to 40° C. the tem- 
perature-coefficient is positive, the absolute value, however, being very 
small, as the following table of the mean linear coefficients between the 
temperatures stated in the first column shows :— 


Taste VI. 
Range of Temperature} Mean Linear T.C. | Range of Temperature} Mean Linear T.C. 
10° to 20° +25 x 10-8 45° to 50° =—1x10-- | 
20 ,, 30 +14 ,, 50 ,, 55 I ss 
30 ,, 35 +4 ,, 55 ,, 60 SAN 55 
35 ,, 40 cot: et 60 ,, 65 IO ts 
40 ,, 45 Boe tae 


For most purposes the variability of resistance with temperature may 
now, indeed, be quite neglected. As a matter of fact, very elaborate and 
sensitive methods are required to demonstrate the existence of any 
temperature-coefficient at all. On raising the temperature beyond 50° C. 
the resistance attains a maximum, thence to diminish again. In this 


latter part of the curve we therefore actually have a negative temperature- 
coefficient. 
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In order to show that at the same temperature the resistance always 
returns to the same value—in other words, that there is no hysteresis in 
the relation between those two quantities, some points of the curve were 
determined with temperatures descending from 70° C., whereas others 
were obtained with ascending temperature. This process was repeated 


several times. The spots marked ®, correspond to descending, the spots 


marked és to ascending temperature, and the points belonging to the 


same series of observations have the same sign. All points are extremely 
close to the same continuous curve, and it is quite obvious that this 
curious behaviour is a constant physical quality of the material. Of 
course such a resistance-coil must have been artificially aged before the 
beginning of the observations ; it was indeed heated during tive hours at 
a temperature of about 140° C. Otherwise, as I mentioned before, a 
progressive process of decrease of resistance through annealing would 
superpose upon the regular variation of resistance according to the curve. 
It is true that this maximum resistance-point does not always occur at 
exactly the same temperature for wires of different size; it is well known 
that the electrical constants of all resistance alloys change slightly with 
the gauge of the wire. But it is also true that the maximum resistance- 


y | 
TO. 
: m : —2 


=A 


point of manganin of a thicker size—say 1 mm.—occurs, as a rule, at 
about 30° C., and so at ordinary temperatures the temperature-coefficient 
is even less than for this particular specimen of wire. 

The material is very soft, and can be drawn to the finest gauges ; but 


o 


a. 


for other resistance materials is generally 20-30 microvolts. 


ON STANDARDS FOR USE IN BLECTRICAL MEASUREMENTS. 145 


tt must not be annealed in free air, because the manganese then would 
oxidise, and the qualities of the material would be altered. Thus it is 
not possible to buy, for instance, a wire, say 1 mm. thick, and to draw it 
down to the required gauge without taking proper precautions. 

In concluding, I will very briefly refer to the construction of our 
wire-standards—for instance, to a standard of one ohm (fig. 2).! 

The double silk-covered wire is wound on a metal bobbin, } b, which 
is previously covered with a thin piece of silk, coated with shellac var- 
nish and heated, in order to secure good insulation. The bobbin can be 
screwed to the ebonite disk d, but it is not fixed to it before the accurate 
adjustment of the resistance. The resistance of the wire must be 1-2 per 
cent. larger than one ohm to begin with; then it is wound on the bobbin, 
heavily coated with shellac varnish, and heated in an air-bath at a 
temperature of 140° C. during about five hours. By this procedure we 
obtain, as already stated, very constant 
resistances ; further, the shellac is melted 
at this temperature, and becomes after 
cooling a hard, highly insulating mass, 
which at the same time protects the 
wire against any chemical action. 

To the ends of the wire are previously 
soldered with silver two small copper 
rings. The exact adjustment is made 
by means of a fine wire-resistance, f, of 
100-200 ohms put in multiple arc with 
the thick wire. A comparatively great 
length of this fine wire corresponds to 
a’ very small change of the whole resist- 
ance, and so it may be easily adjusted to 
afew thousandths per cent. Then the 
small rings at the ends of the two wires 
are screwed together and soldered to 
the stout connecting pieces, pp. A wide 
brass case, c c, serves to protect the wire. 

In taking observations the resistance 
is put in an oil-bath (fig. 3); the tem- 
perature of the wire may then easily be 
determined, and besides that, there can- 
not exist any thermo-electric force be- 
tween the two solderings. It is a matter 
of fact that the thermo-electric force of 
manganin against copper is. very small 
indeed; it amounts only to 1°5 micro- 
volt for 1° C.; the corresponding value 
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even in this respect the manganin is much preferable. 
The construction of standards of 0:1 ohm, and, on the other hand, of 
10, 100, 1,000 ohms and more, is essentially the same as described. Of 


_ course there is no multiple arc to those of 10 ohms and more. 


As to the constancy of manganin resistances I will quote a few 


figures. Table VII. refers to a resistance which is used to determine 


1 See Dr. K. Feussner, Zeitschrift fiir Instrumentenkunde, 1890, p. 6. 
1892. L 
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the electromotive force of the standard Clark cells with the silver- 
voltameter. Thus very often (more than fifty times) a current of 
about one half of an ampére was passed through it for one hour each 
time. At 18° C. I found the following values :— 


Tasre VII. 

S Date | Resistance in Ohms Date Resistance in Ohms | 
6/I. 1890 | 2-9998 29/VII. 1891 29996 
15/IV. ,, 99 9/1I. 1892 98 
12/II. 1891 | 98 17/VII.__,, 96 


Again, in the following table are stated in microhms the differences 
in the resistance of four manganin standards (No. 148 to No. 151) of 
one ohm. The numbers marked * were observed by Drs. Kreichgauer 
and Jager, using Kohlrausch’s differential galvanometer method, the 
others by myself, using a Wheatstone’s bridge arrangement. 


Taste VIII. 


— December 1891* February 1892 July 1892* July 1892 


No. 148-No. 149 | —121x10-* Ohms | —124x10—* Ohms | —117 x 10—* Ohms —_ 
-No. 150 | —135 —135 —129 _ 


No. 151 | — 80 — 79 — 86 — 
No. 149-No. 150 | — 14 — 15 — 12 —16 
-No.151} + 41 + 39 + 31 _ 
No, 150-No, 151 | + 55 + 53 + 43 j +48 


Measurements were also made of these standards shortly after their 
construction in July 1891, but not with quite the same accuracy as the 
later ones. Anyhow, they show, in connection with numerous com- 
parisons of the four coils with other standards, which were checked by 
mercury resistances, that the manganin coils were constant for the space 
of one year within a few thousandths per cent. Ai, j 

The patterns referred to are intended to be standards or resistance. 
On the other hand, resistances of 0-01, 0°001, and even 0:0001 ohm are 
used for measuring large currents up to a few thousand ampéres by 
compensating the potential difference which the current itself produces 
in flowing through the resistance. These resistances consist of manganin 
plates, which are soldered with silver to stout copper bars. The dimen- 
sions of the plates are chosen in such a manner that the value of the 
resistance is too small to begin with, and the definitive adjustment is: 
arrived at by boring small holes in the plates; the latter are again 
coated with varnish in order to protect them against any chemical action 
of the oil, and so on. For uncovered wires, as they are used, for instance,. 
in I ridges, or in technical resistances, the manganin is perhaps not so 
appropriate as the alloys commonly used. For all other resistances, 
however, we think it is the best alloy hitherto known, because it facili- 
tates the electrical measurements, and brings them to a higher degree of 
accuiacy than was formerly attainable. 
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APPENDIX V. 
On the Clark Cell.!. By Dr. Kanter. 


In connection with the report of the Committee I beg to call your 
attention to some researches I made, by order of the Physico-Technical 
Institute at Berlin, on Clark cells. The time is too short for communi- 
cating my measuring methods and results in full extent; I can only give 
you a short summary of the chief points. 

I used in my researches Lord Rayleigh’s H form, the positive 
electrode being mercury once distilled, the negative an amalgam con- 
taining ninety parts of mercury and ten parts of zinc, The last was poured 
into the vessel as a hot liquid, and solidified on the bottom. The paste, 
which covers the positive electrode, is made by grinding together 
mercurous sulphate, mercury, and a mixture of crystals and concentrated 
solution of zinc sulphate. No heat was used in preparing this paste. 
The mercurous sulphate was bought, and contained, according to 
chemical analysis, no foreign ingredients. The zinc sulphate was made 
basic by boiling with rods of metallic zinc; after cooling, the dissolved 
oxide of zinc precipitates, and with it the oxides of the metals more 
negative than zinc. For oxidising the ferrous sulphate, which is always 
present in commercial zinc sulphate, a small current was sent between 
two platinum electrodes through the boiling basic solution; the ferrous 
sulphate was changed by the generated oxygen into ferric oxide, and fell 
out. The H cells set up with these materials showed a great agreement 
in their E.M.F.’s. I never found a difference greater than +51,,th of a 
volt between the H.M.F. of any two of them. 

The next point I studied was the influence of the impurities in the 
different materials composing the cell on the E.M.F., because on the one 
hand it is well known that the smallest impurity of the mercury alters 
very distinctly the H.M.F., and on the other hand the mercurous sulphate 
I bought never contained impurities of a remarkable amount, and 
different samples always had the same qualities; I only investigated, as 
the most important matter, the impurities of the zinc and its sulphate. 
It was found that the foreign ingredients of the zinc sulphate are of very 
little importance, and that only the presence of free acid in the above- 
described cleaning process, the result of boiling with metallic zinc, alters 
the H.M.F. in a considerable degree. Among the impurities of the zinc 
only those caused by metals more positive than zinc are of importance ; 
the zinc may contain corsiderable quantities of the negative metals 
without any alteration of the H.M.F. I conclude that the impurities of the 
zinc are of greater importance. If we use it in the form of rods amalga- 
mated on the surface, it seems to be a great advantage to dissolve the 
zinc in mercury, using it then as a solid amalgam. 

The following are the values I found by a great number of observa- 
tions for the temperature coefficient of different forms of cells, measuring 
between 10° and 30° in rising and decreasing temperature. The figures 
here given are the mean values of some cells of the same form, treated in 
the same manner :— 


' For a detailed account see Zeitschrift fiir Instrumentenkunde, Arril 1892, and 
Electrotechnische Zeitschrift, Heft 30, 1892. 
L2 
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Taste IX, 7, 


| Mean differ- 
ie ence between 
Moan pie the E.M.F, of 
ence between | the different 


calculated | 
: | cells and that 
and observed | of the mean 


Form of the cell Temperature-coeflicient | values of of several H 


E.M.F. | cells used as 
| standards 


The unit being >5pgogth of 
a volt 


H cell set up in Lord | 0-000812+0-000013 (¢—15) | 12 +3 
Rayleigh’s manner 


Heell,thepastecover- | 0:000774 + 0:000020 (¢—15) 12 +7 
ing both electrodes 


A new form for re- | 0:000791 +0:000017 (¢—15) 9 +9 
search ‘ purposes, 
the paste covering 
both electrodes 


The cell issued hi- | 0:000806+0°000006 (¢—15) 30 —29 
therto by the Ger- 
man Reichsanstalt | 


The mean value of the temperature-coefficient, therefore, would be 
0:000796 + 0:000014 (¢—15). 


Lord Rayleigh has given the following values for the two different 
cells he investigated :— 
-+-0°000827 +0:000018 (¢—15) 
+ 0:000740 + 0:000016 (¢—15) 
the mean being 
+0:000783 + 0:000017 (¢—15). 


I suppose, for practical purposes, the values found by Lord Rayleigh 
and by me are identical. 

The most important matter is to obtain the absolute term of the 
E.M.F. For the purpose I used a measuring arrangement similar to 
Lord Rayleigh’s. The current, which produces on the terminals of a 
known resistance a pressure equal to that of the Clark cell, was obtained 
by the silver voltameter. It was found that the same current deposits 
the more silver the more oxide of silver is dissolved in the solution of the 
nitrate. I made a solution of nitrate crystals, and boiled a part of ita 
long time with oxide of silver ; the deposit obtained with this basic solution 
was about +>3,,ths greater than that with the original solution. There- 
fore, using a certain number for the equivalent of silver, there will be a 
little uncertainty of some parts in 10,000 in measuring currents by the 
deposit of silver. Now, as first shown by Professor Schuster, and also 
proved by me by a good deal of experimenting, the deposit, when the 
voltameter is in vacuo, is about four parts of 10,000 greater than in 
ordinary air. But the absolute value of the E.M.F. is not touched by 
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this fact, because making the electrolysis in this manner one has 
certainly to take a greater figure for the equivalent, and therefore the 
ratio between the unit and the measured amount of current remains the 
same. The following figures are given by taking one ohm=1-063 S.U,, 
and by assuming that a current of one ampére strength deposits in an 
hour 4°0259 grammes ; the last figure exceeds that given by the Board 
of Trade only by six parts in 100,000. I found by some thirty experi- 
ments the H.M.f. of the H cells, set up with clean materials in the 
above-described manner, as 1:4332 volt at 15°, and am sure that, when 
using the same arrangement of the silver voltameter, this value will be 
right by five parts in 10,000 if the equivalent is certain to this extent. 
If I express the value given by Lord Rayleigh for the cells of the original 
Clark’s form in this unit, it is 14346 volt at 15°. Lord Rayleigh finds 
the E.M.F. of this H cell a few ten-thousandths of a volt greater than 
that of the old form. Therefore it would, perhaps, be 1:4350 volt at 15% 

Recently Mr. Glazebrook has made a new determination, and finds the 
E.M.F. of the original Clark cell, in the above fixed units, to be 1:4342 volt 
at 15°, He has also compared H cells set up by me, and now brought 
‘to England, and finds their E.M.F. smaller by 754,,ths of a volt than 
that of the original form. Therefore the E.M.F. of the H cell is 1:4338 
volt at 15°. This last value and that found by me are in good agree- 
ment. It is to be noted that the anodes and cathodes in my voltameters 
are much smaller than those in the English ones. 

It may be mentioned here that the mean E.M.F. of four H cells set 
up in the same manner as before, but containing, in accord with Professor 
Carhart’s directions, a solution of sulphate of zine, saturated at 0°, was 
found to be 1-442 volt at 15°, using the same units as above. 

Tt only remains to give some directions on the best form of Clark 
cells. Isuppose it will be good to distinguish such cells which are to 
remain as standards in the laboratories and are used by their maker, and 
such as are to be used for practical purposes. These do not need to have 
the same degree of accuracy, but they must be able to be carried about. 
In the Board of Trade memorandum the original Clark cell is adopted as 
the standard; but I think Lord Rayleigh’s H form gives more accu- 
racy and is easier to set up. In the old form not all the parts of the 
zinc rod are in saturated solution, and therefore the value of the E.M.F. 
will be a little uncertain. Another disadvantage is that parts of the zinc 
rod may fall down in the mercury, and will so produce a considerable 
variation of the E.M.F. On the other hand, the electrodes of the H form 
are always in concentrated solution, and there is no possibility of parts 
of the negative electrode coming over to the positive one. I have set up 
about sixty H cells, and have found no difficulty, when using carefully 
cleaned materials, to keep the difference of the E.M.F. of the single cells 
under a ten-thousandth of a volt. 

To construct cells for practical purposes which will stand carriage, 
the most simple way is to separate the two electrodes by a porous wall. 
I can show here such a cell of a form constructed by Dr. Feussner, and 
issued hitherto by the German Reichsanstalt. The positive electrode is 
an amalgamated platinum plate with the surrounding paste in a porous 
“vessel of clay. The zinc rod forming the positive electrode is on the 
upper part protected by a glass tube; the lower part is blown rectan- 
gularly and covered with crystals of sulphate of zinc. The whole lass 
vessel is filled with a concentrated solution of this salt. The E.M.F, of 
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such cells is about +535,ths of a volt higher than that of the H cells. 
The agreement of different cells of this form is very sufficient for practical 
purposes; the difference between the E.M.F. is always smaller than 
yodooth of a volt. The only disadvantage of this form is that its E.M.F, 
does not follow quickly the alterations of temperature; but I suppose one 
could improve that by diminishing the size of the cell. 

We endeavoured in the Reichsanstalt to make Lord Rayleigh’s H form 
transportable on account of its good qualities, and to do this without 
introducing foreign substances as porous walls. The investigations in 
this direction are not yet finished, but I am able to exhibit a cell which 
was constructed for this purpose and seems to be good. The positive 
electrode is formed by an amalgamated platinum plate fixed on a wire of 
the same metal, which is melted in the bottom of one of the two tubes 
forming the vessel. The negative electrode is formed by the 10 per- 
centage zinc amalgam solidified on the bottom of the other tube, and 
also connected with a platinum wire melted in the glass. The whole 
vessel is filled with paste and closed by a glass stopper perforated by a 
thermometer, of which the bulb is within the vessel. Such a cell can be 
turned without any danger, and is suitable for transport. The E.M.F. 
is about y 535 th of a volt smaller than that of the H cells; the dis- 
agreement between the E.M.F.’s of different cells constructed in similar 
manner does not exceed 1,25,ths of a volt. But before using such cells 
for practical purposes, they must be observed for a longer time till one 
is sure that their behaviour will not be altered by age. 

These are the principal results obtained recently in the Reichsanstalt 
on this matter. Some of them will be already known here; but I 
hope to have given new proof that the Clark cell is a very accurate 
standard for E.M.F., and a good measuring instrument for practical 
purposes. 


APPENDIX VI. 


On the Values of certain Standard Resistance Coils. 
By R. T. Guazesroor, F.R.S. 


In the report of the Committee for 1890 it was stated that during the 
early part of the year small changes had taken place in the values of some 
of the old B.A, standards, which had been subjected to a very low temper- 
ature early in that year. These coils have been compared together at 
intervals since that date, and the following tables will show that at the 
temperatures given there is no indication of any further change. The 
difference between the coils and the standard coil flat is given in bridge 
wire divisions. The value of one bridge wire division is about 00005 
ohm. 

The first few lines in Tables X. and XI. give the values of the differ- 
ences observed in 1890. These are followed by those of the more recent 
observations which were taken at a temperature of about 16°. 

These observations are sufficient to show that there has been no appre- 
ciable change in the relative values of these coils. 

The observations on the legal ohm standards given in Table XI. 
lead to the same conclusion. 
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Taste X.—Showing the Differences between the Platinwm Silver B.A. Units 
in 1890 and in 1892. 


| Date Temperature | Flat—F Flat—G Flat—H 
May 1890. : c ° 14-4 —3°5 21°5 183 
June 1890 : é “ 16 —3:2 22:2 17°8 

} August 1890. é ; 16°5 —3 22°6 18 

| July 23,1892 . a - 16 —37 21°6 18*4 
July 24,1892 . 3 16 —3°5 22 18:3 
July 27,1892 . a F 16:2 —3:2 21°6 183 


Taste XI.—Giving Differences in Bridge Wire Divisions between the 
Legal Ohm Standards and Flat. 


Date Temperature 100—Flat 101—Flat 
pene | Go 
August 1890. 3 ? 15°7 2167 206°6 
November 1890. . . 15 217-2 206:7 
January 1891 . - é 116 216°1 206°8 
July 25,1892 . wg Sb 16:3 215°6 2058 
July 27,1892 . : : 161 216 206'3 


In November 1890 two new coils marked J and K were made of plati- 
num silver wire, supplied by Messrs. Elliott Bros. The wires of the coils 
are wound in a loose spiral inside the case, being secured at intervals by 
silk threads to an ebonite central stem. They are thus in contact with air 
only, and there is no paraffin inside the case. It was hoped in this way to 
secure freedom from the strains set up by changes of temperature in the 
paraffin, which appeared from the results given in the ‘ Report’ for 1890 
to have some connection with the changes of resistance there described. 

The results are shown in fig. 4. From the six observations for 
each coil there recorded it is clear that there has been no change during 
the time for which the observations have lasted. 


Fig, 4—Showing the values of the B.A. Units Flat, J and K, from observations 
between November 1890 and July 1892. 
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The vertical divisions are ‘0005 B.A.U. 

The horizontal divisions are 1° C. 

Flat=1 B.A.U. at 14°8. Temp. Coeff. 00027 (Fleming's observations, 1876), 
J=1B.A.U. at 14°. Temp. Coeff. -000260. 

K=1 B.A.U. at 14°15. Temp. Coeff. -000261. 
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Two observations were made at a much lower temperature, and these 
would seem to indicate a slightly less temperature-coefficient than is 
shown by the observations between 10° C. and 20° C, 

The values of the two new coils in B.A. units between temperatures of 
10° and 20° are given by 


J=1+:000260(¢- 14). 
K=1+:'000261(¢—1415). 


We may thus conclude that during the past two years there has been 
no relative change in the values of the platinum silver unit standards of 
the Association. 

Four of these are the original standards made in 1865-67; two 
others were made by Messrs. Elliott Bros. in 1885, and the last two by the 
assistant at the Cavendish Laboratory from wire supplied by Messrs. 
Elliott in 1889. 


APPENDIX VIL. 


On the Standard Condensers of the Association, and on Certain Resistance 
Coils. By R. T. Guazesrook, £.R.S. 


The report of the Committee for 1890 contains as an appendix a very 
full account of the tests on the air condensers belonging to the Associa- 
tion. It was there stated that while the insulation resistance of No. I. 
was very high, that of No, II. was not completely satisfactory ; No. II. 
was therefore taken to pieces and set up fresh. Its capacity and also that 
of No. I. were determined afresh, using the commutator method described 
in the previous paper. 

The following values were found :— 


TasLe XII. 


| 
Date | Capacity in Microfarads Mean of each Series 


CONDENSER No. I. 


” ” 


Den.29 ~ 5, 


” ” 


The different values in each series correspond to different rates of 


Dec. 23, 1890 . 


+ a ; , 
Dec, 23, 1890, afternoon | 


021059 
021052 
021046 
021044 


CONDENSER No. II. 


“021396 
021392 
‘021399 
021365 
aah 021399 
0214038 
021381 
021409 
021389 


Mean of the whole, :021391 microfarad. 


revolution of the commutator. 


021050 


021395 


021389 


021390 


i 


a 
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The value found originally for the capacity of No. I, was *021024. 
microfarad ; it would appear therefore that it may be slowly increasing ; 
the capacity of No. II. has been changed by being taken to pieces, and 
from 022515 to 021391. 

The two condensers were also compared, directly assuming the value 
of No. I. to be ‘021050; that of No. II. was found to be :021390— 
practically the same value as that given by the commutator. 

Asa further check on the values a mica condenser was compared 
with the two in the usual way. The values found were :— 


Taste XIII, 
Date In Terms of I. In Terms of II. 
Dec. 29,1890 . , : 5017 5013 
| Jan. 1, 1891 ‘ ; a 5013 “5012 


In March 1892 the insulation of the condensers was tested by the 
Secretary and Mr. A. S. Bowley; they were both found to lose rather less 
than ;}, of their charge per one minute. A divided condenser, Elliott 
No. 144, No. 3, was compared; the results are interesting as showing 
the effect on the capacity of the time of charging, and are given in 


Table XIV. 


TaBLe XIV. 
Mominal Vaine |) (ef Charging) Vane in Terms of I.’ | Value in Terms of I 
omina alue in seconds aiue in lerms Of 1. alue in Lerms 0 . 
05 0 05022 
5 05072 
10 05080 
05 + | 0 05055 
5 05106 
| 10 05109 
2 0 1988 1981 
2 1999 2002 
5 2007 2009 
10 2010 2013 
20 2012 
24 0 2008 
2 2018 
a. 2027 
10 - -2033 
20 2039 
30 2046 
5 0 +5082 
2 5058 
5 5078 
10 5081 
20 5092 


The first observation in each case marked as 0° was made by con- 
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necting the galyanometer, and then momentarily making the battery 
circuit for a very small fraction of a second. The observations on the 
condenser ‘2 show that there has been no appreciable change in the 
relative value of Standards I. and II. The observations throughout are 
accurate to about one part in 10,000. 

During the process of the work Mr. Bowley compared several of the 
resistance boxes of the Association together. As these are used as 
‘standards in many experiments it will be useful to put the results on 
record. 

Box Elliott 1255 is a Wheatstone’s bridge box of platinum silver in 
legal obms, said to be right at 17° C. Assuming that the two 1,000-ohm 
-coils of the bridge are equal, and the experiments showed no appreciable 
difference, the following values were found for certain coils in terms of a 
nominal 10,000 ohms taken from 1253. 

The temperature of all the coils was about 15°°6 C. 

Thus the box Elliott 1825 is right at about 4° below the box 1253, 
while the box Nalder 1870 is right at about 1°°5 below 1258. 


TABLE XY. 


Nominal Value | Value found 


Elliott 1825. 
10,000 
20,000 
30,000 
40,000 


10,012 
20,024 
30,034 
40,049 


| 
Nalder 1870. 
| 


100,000 No. 100,042 
100,044 
100,050 
100,034 
100,042 
100,042 
100,052 
100,032 
100,047 
100,052 
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APPENDIX VIII. 


‘On the Values of certain Standards of Resistance and Electromotive Force 
sent from Berlin for Comparison with the British Association Standards. 
By R. T. Guazeprook, F.R.S. 


Towards the end of July Dr. Lindeck, of the Physikalische Electro- 
technische Reichsanstalt at Berlin, brought to Cambridge three resist- 
ance coils of nickel-manganese-copper alloy in order to compare them 
with the British Association standards. Experiments to determine the 
value of these coils in terms of the resistance of mercury are in progress 


79 


Ye, 
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at Berlin ; when they are completed a comparison of the British Associa- 
tion units with the mercury standards of the Reichsanstalt will become 
possible. 

A fourth coil, constructed for the Berlin Reichsanstalt by Messrs. 
Elliott Bros., was also tested. Table XVI. contains the results of the 
comparison :— 


TaBLE XVI. 

No. of Coil Date Temp. | Value in B.A. Units tae 
4 Wolff, 150, peek July 25 16°5 1:01118* 1:01118 
NS aeerl 17 1:01116* at 16°-7 

2a 16°5 1:01119 

» 26 16:3 101119 

acai 17:1 1:01120 
Sewvolreis9. . . July 25 16:5 1-01110* 1:01112 
Fe RG 169 1:01112* at 16°7 

tis 16°5 1:01110 

» 26 16:3 1:01114 

oy 171 1-:01110 
] Wolff, 147. . 4 July 25 16°5 1:01112* 1:01113 
eet 16:9 1:01112* at 16°7 

, 26 16°5 1:01113 

» 26 16°3 1:01112 

emer 17:1 1:01115 
Elliott, 250 . e July 25 17 1:01107* 1:01107 
ae 17 1:01107* at 17° 

Hes 17 1:01108* 

+f 17 1:01108 


In the experiments marked thus * a considerable length, 200 em., 
of the bridge wire was used. An error of 1° in the temperature of this 
would produce an error of ‘00003 in the result. In reducing the results 
the temperature of the bridge has been taken as 18°, the value given by 
a thermometer laid alongside the wire on July 28. In the other experi- 
ments a coil of 100 ohms was put in multiple arc with the Berlin standard, 
and the difference of the combination and the British Association units 
was found. The length of bridge wire was very small, so that an exact 
knowledge of its temperature was not wanted, while the 100-ohm coil 
was known with all the necessary accuracy. 

Another set of comparisons, leading to results which do not differ from 
the above by more than ‘00003 British Association unit, were made by 
Dr. Lindeck, using apparatus he had brought from Berlin; but a 
‘complete discussion of the whole can best be given when the values of 
the Berlin coils in terms of the mercury standard have been found. 

Dr. Lindeck also brought four Clark cells. Of these two, Nos. 69 
and 71, were of the pattern described by Dr. Kahle (‘ Electrotechnische 
Zeitschrift,’ July 22, 1892; ‘ Zeitschrift fiir Instrumentenkunde,’ April 
1892). The mercurous sulphate is enclosed in a porous pot. The zinc 
dips among the crystals of the zinc sulphate, its end being bent so as to 
be horizontal. The vertical portion of the zinc is covered with a glass 
tube, so that the horizontal part alone is effective. 
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The other two, Nos. 12 and 29, were H cells of the pattern described 
by Lord Rayleigh. 

These cells were compared with the standard at the Cavendish 
Laboratory with the results shown in Table XVII., which gives the 
differences between the four cells and the standard in hundred thou- 
sandths of a volt. ) 


TasLe XVII. 


— | Values of Berlin Cell—Standard in :00001 Volt 

Date July 26 July 27 July 29 
Temperature 1691 15°°9 1529 
Cell No. 69 —15 —18 —14 

Ba et —11 —15 ak 

3 29 ee —35 | —36 

7 12 —39 —38 —39 


On July 29 cell No. 71 had been taken away. Dr. Kahle kindly 
determined the differences between No. 69 and each of the other cells 
before they left Berlin. Values for these same differences can be obtained 
from Table XVII. 

We thus get Table XVIII. 


TasLe XVIII. 


Differences between Cell No. 69 and the others sent from Berlin 


Date and Place of Observation | No. 71 No. 12 No. 29 
ee 

July 19, 1892) | =e | 29 29 
“ 2 - ieee | = 28 25 
| = | 25 26 
hy a 1892 ) = | 21 24 
Cambridge —3 | 19 20 
aha) _ | 22 25 


‘Thus the relative values of the cells as found at Cambridge are 
practically the same as those found at Berlin. Moreover, taking the H.M.F. 
of the Cambridge standard as 1°4342 volt at 15° C., that of the Berlin 
Has with porous pots, is 143405, and of the Berlin H cells about 
1:4338. 
_ The value actually found by Dr. Kahle for the E.M.F. of the porous 
pot cells is 1:4336 volt, so that the agreement is satisfactory. In all the 
above it has been assumed that the resistance of 106°30 centimetres of 
mercury is 1 ohm, and that the amount of silver deposited per second by 
a current of 1 ampére is 001118 gramme. 

The H form of cell in all cases examined at Berlin has a slightly 
wales E. bt .F, than those with the porous pots, the difference being about 

volt 
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ON ELECTRO-OPTICS. Poa 


Report of the Committee, consisting of Dr. Joun Kerr, Mr. R. T. 
GLAZEBROOK, Lord Kevin, and Professor A. W. Ricker, on 
 Electro-optics. 


Tur Committee report that Dr. Kerr has continued his work on 
electro-optics during the year. His results are given in the appendix to 
this report. 

APPENDIX. 


On Dispersion in Double Refraction due to Hlectric Stress. 
By Dr. Joun Kerr. 


The object of the experiments was to find whether the optical effect 
of electric stress varies with wave-length. The only dielectric examined 
was CS,, and the cell was that described in the ‘Phil. Mag.’ for 
March, 1880. The two nicols at the ends of the cell were placed with 
principal sections parallel, and at 45° to the lines of force. Immediately 
after the second nicol came a spectroscope, which received no other light 
than that which passed through the two nicols and the uniform part of 
the electric field. The lunette of the spectroscope was focussed, and 
directed so that one of Fraunhofer’s lines passed through the intersection 
of the wires, and the instrument was untouched until the end of the 
measurement. 

When the electric force is applied, the spectrum darkens ; and as the 
potential rises through a sufficient range, a black fringe passes gradually 
over the spectrum, entering at the violet end, and leaving at the red. 
This fringe we know to be the place of phase-difference 7, or of retardation- 
difference $A, of the two component rays. 

The one measurement made in each case was that of the potential at 
which the black fringe was bisected by the above-mentioned Fraunhofer’s 
line. The following table contains the results of the two sets of measure- 
ments last taken. In each of the last three divisions of the table the first 
two lines of numbers correspond to the two sets of measurements, and the 
third line to their averages. The quantities represented by the numbers 
are indicated in the first column, V standing for potential, Q for corre- 

sponding optical effect, and Q’ for the value of Q when V=180.! 


We Cc | D F G (hydrogen) 
Wave-lengths 6562 5892 4860 4340 
194 180 155 142 
Qa. V= 194 179 156 143 

2 194 1792 1553 1422 

‘ 565 589 655 697 
V=180; Q'= | 558 589 640 680 
562 589 647 688 
457 452 456 459 
OA = 451 452 446 448 
455 452 45] “453 


a ee eee a ee ie Ss eh a 


‘ 1 The values of Q’ are calculated from those of Q by the law of squares, this law 
being verified for the three monochromatic lights G, F, D with the present apparatus 
and arrangements, and through a range of effect equal to A. 
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From the fact that Q’ undergoes a regular increase from the red end 
of the spectrum to the blue, and from the approximate equality of the- 
lowest line of numbers, it may be inferred— 

(1) That the optical effect of electric stress in a given medium (CS,) 
increases as the wave-length diminishes. 

(2) And more definitely, that the optical effect varies exactly or very 
nearly in the inverse ratio of the square root of wave-length. 


Eighth Report of the Committee, consisting of Sir G. G. Sroxxs. 
(Chairman), Professor A. Scuuster, Mr. G. JoHNsToNE STONEY,. 
Sir H. E, Roscor, Captain W. de W. Asnry, Mr. G. M. Wuippie, 
Professor McLEop, and Mr. G. J. Symons, appointed for con- 
sidering the best methods of recording the direct Intensity of 
Solar Radiation. (Drawn up by Sir G. G. STOKES.) 


Tuer work of the Committee during the past year has been confined to an 
examination, both experimental and theoretical, of Balfour Stewart’s 
second actinometer when used as a dynamical instrument. Actinometers. 
may be divided into two classes, which may conveniently be denominated 
dynamical and statical respectively. In those of the dynamical class the- 
mercury or other fluid employed is examined while the head of the 
column is in motion, in consequence of the exposure being varied by 
suitable manipulation, and readings of the column are taken at chosen 
times, or else the times are noted when the top of the column reaches 
chosen readings. In the statical class the instrument is allowed to attain 
its permanent state, subject of course to a secular change, such as that 
due to the varying altitude of the sun, and the results are deduced from 
the stationary readings of two or more thermometers. Herschel’s, 
Hodgkinson’s, and Stewart’s first actinometers are examples of the 
dynamical kind; the black bulb thermometer, Violle’s actinometer, and 
Stewart’s second actinometer, when used as he intended, are examples of 
the statical class. 

Stewart’s second actinometer has been already described (see Reports. 
of the Association for 1886, p. 63, and 1887, p. 32), but to save the 
trouble of reference it may be well briefly to mention that it consists of 
an envelope of thick copper, closed on all sides except as regards a small 
hole to allow the sun’s rays to enter, and one to allow the stem of the 
central thermometer to pass through. In the actual instrument the 
envelope is cubical, and its temperature is determined by three thermo- 
meters, with their bulbs sunk in hollow chambers in the thick metal, two. 
(4, B) in the front face of the cube, or that turned towards the sun, the 
third (c) in the back face. The internal thermometer (D) has a lenti- 
cular bulb, which is mounted so that it lies at the centre of the cube, or 
nearly so, and has its plane perpendicular to the incident rays. The 
copper cube is surrounded by a thick coating of felt, and this by a cover- 
ing of thin brass. The object of this arrangement is to make the tem- 
perature of the copper cube sensibly the same all round, and at the same 
time to prevent it from changing more than very slowly when the instru- 
ment is exposed. The thermometers a, B, c were graduated to degrees, 
D to half-degrees, all Fahrenheit. 
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With a view to increasing the effect of the radiation from the sun on 
the thermometer D its bulb was ordered to be of green glass of a particu- 
lar kind. This, as we ascertained from Mr. Casella, who made the instru- 
ment, occasioned a great deal of trouble, as not only had a pot of green 
glass to be made specially for the purpose, but many thermometers broke 
in the process of construction, the fracture taking place at the junction of 
the green glass of the bulb with the colourless glass of the stem. Ina 
future instrument we should not think of encountering these difficulties, 
since, as will presently appear, our researches led us to the conclusion 
that little advantage, if any, was gained by the substitution of green for 
colourless glass in the construction of the bulb. 

The principle of the instrument was to make any point of the radia- 
tion thermometer (D) look, so to speak, in all directions outwards at an 
envelope of uniform temperature, except as to directions lying within a 
very small solid angle (that subtended by the hole), within which the 
sun’s rays were admitted. If the direct rays of the sun had been used 
the solid angle in question could only be made small on condition of 
admitting only a very small amount of the sun’s rays, which would not 
have sufficed to raise the temperature of D sufficiently above that of a, B, c. 
To reconcile the two conditions of allowing the bulb of D to be almost 
wholly surrounded by the copper envelope, and at the same time permit- 
ting a sufficient amount of solar radiation to fall upon it, a lens was intro- 
duced, mounted on a stem perpendicular to the front face, to which face 
the plane of the lens was parallel, and from which the lens was distant by 
its focal length. In this way the necessary hole in the envelope need 
hardly be wider than the image of the sun, though it was convenient to 
allow some margin in order to provide for the contingency of the pointing 
of the instrument not being very exact. The lens was provided with 
two diaphragms for optional use, one having twice the area of the other. 

The observations which have been taken at intervals during the past 
year with a view to test the practical working of Stewart’s second actino- 
meter have been made by Professor McLeod ; the reduction of the obser- 
vations has been mostly done by the Chairman, with whom also Professor 
McLeod has been in frequent communication as to the lines of inquiry. 
In consequence of other engagements, the observations have not yet been 
subjected to so complete a reduction as the care with which they have 

been made deserves ; but enough has been done to serve as a guide to the 
inquiry, and to permit of some general conclusions as to the{behaviour of 
the instrument, 

As has been already stated, the instrument was intended for use as a 
statical actinometer with permanent exposure. But it seemed desirable 
in the first instance to study the march of the thermometers when the 
instrument was first exposed to radiation from the sun, or the sun’s rays 
were cut off after it had been exposed for some time. This seemed to 
hold out a better prospect of obtaining a thorough insight into the work- 
ing of the instrument than if it had been at once used as a statical 
actinometer ; besides which the latter use would have involved some 
outlay in the way of providing some sort of equatorial mounting and 
clock movement, and it did not seem desirable to go to the expense of 
this unless preliminary testing showed that the instrument was likely to 
be successful when used as a statica! actinometer. Pos 
pees pate of the case was determined from the readings of the 

rs A, B, © by taking first the mean of a and B, and then the 
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mean of that and c. It was found, however, that 4 and B always read 
almost exactly alike, and c was not usually more than one or two tenths 
of a degree lower. In any future instrument it would doubtless be 
sufficient to determine the temperature of the copper case by a single 
thermometer sunk in one of the side faces, midway between the front and 
back face. 

In spite of the felt packing the temperature of the case was found to 
change more rapidly when the instrament was exposed to the sun than 
was to be desired, and Professor McLeod found it an improvement to 
introduce a screen of tinned iron placed a little distance in front of the 
front side of the cube, and of course provided with a hole for letting the 
sun’s rays through that were to fall upon the thermometer D. In most 
of the observations the case thermometers were merely sunk in their 
holes, the sides of which the bulbs might or might not touch in one or 
two places. It was feared that in spite of the slowness of the change of 
temperature of the case, the lagging of the case thermometers might 
possibly introduce a sensible error. Accordingly the effect was tried of 
introducing a packing of reduced silver between the bulb of the thermo- 
meter and the wall of the cavity in which it was inserted. By packing 
in this manner one of the thermometers A, B, and leaving the other 
unpacked, it was possible to judge whether any sensible error was to be 
apprehended from lagging. It was found that the packed thermometer 
was a little more prompt, but the difference of temperatures read off was 
very small, little more than emerging from errors of observation. 

In the first regular observation on the march of the thermometers 
under insolation, the four thermometers were read before exposure, then 
the instrument was exposed, and the thermometers read at intervals of a 
minute for a quarter of an hour, by which time thermometer D had 
become sensibly stationary, having risen 51°3, while the case thermo- 
meters rose about 2°, the excess of D over the temperature of the case 
rising to 49°°7. The sun was then screened off, and the reading of all 
the thermometers at intervals of one minute continued for about half an 
hour. During this time the case thermometers continued slowly to rise, 
the total rise in the half-hour amounting to 1°'5 ; the central thermometer 
fell, pretty rapidly towards the beginning, slowly near the end, till it 
stood only 0°'4 or 0°'5 above the case thermometers. The sky was very 
clear, and there were no clouds near the sun; and as the insolation began 
at XII., 26, the decrease of the sun’s altitude during insolation was but 
small. 

It remains to be shown whether, and if so in what way, a measure of 
the radiation can be obtained from the results. 

Let 6 be the temperature of the insolated thermometer, Tt that of the 
case as measured by the case tliermometers, g the coefficient of cooling, 
the rate of cooling being taken as following Newton’s law, 7 the rate of 
heating of D due to solar radiation. Then in the time dt the increment 


d@ of p’s temperature is made up of the gain, rdt, due to radiation and 


the loss, g(@—T), due partly to convection, partly to the excess of the 
radiation from D to the case over that from the case top. We have 
therefore do 

pg @ ats ; ‘ : ‘ ar AR 


If we suppose 7 and fT constant, or subject only to slow secular changes, 
so that they may be deemed constant in the integration, we have 


el 
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poap pees : : : : . (2) 


Hence if uw denotes the excess of temperature of the central thermometer 
over that of the case, we see from (2), or directly from (1), that w tends 
to the limit 


u='" =, say . é ° : s. (a) 
qd 


when the time ¢ which has elapsed since exposure, or whatever other 
change it may have been in the disposition of the instrument, is large 
enough to permit of our neglecting the last term in (2). The constant 
A, the reciprocal of q, in (3) denotes a time, which may conveniently be 
called the lagging time of the thermometer D. 

Were the actinometer used as a statical instrument the simple ex- 
pression (3) is all that we should be concerned with. The quantity r 
varies as the radiation, but involves a coefficient depending on the par- 
ticular instrument and for a given instrument on the area of the dia- 
phragm used, and on the presence or absence of the quartz plate which 
is furnished for covering the aperture. The constant q need not be 
determined, as it is associated with a coefficient depending on the instru- 
ment. By itself alone the actinometer gives only the ratio of variation 
of the radiation. To obtain an absolute measure the actinometer would 
have to be compared, once for all, with some actincmeter which gives 
absolute results. We believe that the main object which Stewart had in 
view was to furnish an instrument which might supply a means of 
detecting possible variations in the intrinsic inteusity of radiation from 
the sun, corresponding, suppose, to the sun-spot period; and for this 
object the same instrument would ke employed throughout, so that we 
should not be concerned with absolute measures. 

In studying, however, the march of thermometer D when the instru- 
ment is exposed, or else the sun’s rays cut off, we must have recourse to 
equation (2), and now we can no longer dispense with a knowledge of 
the value of the constant g. The easiest way of determining it seemed 
to be to make use in the first instance of the readings in the Jatter 
portion of the observation, when thermometer D, after having been 
heated by exposure, was cooling in consequence of the sun’s rays having 
been intercepted by a screen. In this case r=0, and we have simply 


oo) u=ce—** : ; : : . (4) 


Hence, if we plot the observations, taking the time for abscissa and the 
logarithm of the excess w for ordinate, we ought to get a series of points 
lying in a straight line. 

On laying down the observations on paper it was found that, after a 
slight initial irregularity, the dots representing the observations lay 
extremely closely in a straight line until the excess u, which began at 
49°:7, was reduced to about 3°. They then began to fall a little too 
high, and the height above the straight line representing the previous 
observations kept increasing as we proceeded. We have not investigated 
the cause of this variation, but it seems possible that it may have been 
due to a slight lagging of the case thermometers. As these were still 
rising, though p was falling, the lagging would make the temperature of 
the case appear a little too low, and therefore the excess wa little too 
Bee i therefore the actual reduction of wu would be somewhat less 
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than the calculated. The difference between the real and apparent 
temperature of the case would be too small sensibly to affect the result 
until the absolute excess u became comparatively small. We are not, 
however, concerned with such small excesses ~ in the actual use of the 
instrument. The lagging time deduced came out 5:6 minutes. 

The reciprocal of this was then introduced into equation (2), which 
was then applied to the reduction of the first portion of the observation, 
that portion, namely, which was concerned with the rise of D consequent 
on exposure. As 6 and 1 are observed and g deemed to be known, the 
equation contains only two unknown quantities, namely, 7, which depends 
on the radiation, and the arbitrary constant c. These might be deter- 
mined by any two not unfavourably selected observations of the series, 
and then the observed and calculated values of uw ought to agree for the - 
rest. This, however, was found to be by no means the case, and the 
differences between theory and observation were far too methodical to ba 
attributable to errors of observation. Equation (2) was then tried asa 
mere formula of interpolation, g being taken as a disposable constant as 
well asrand c. Any three observations would of course theoretically 
suffice for the determination of the three constants, and then the formula 
would give the calculated final excess, to which r is theoretically propor- 
tional, or the calculated value of u for any other observation of the series. 

The numerical calculation is much facilitated by choosing for the 
determination of the constants three observations equidistant in time. 
If ¢, be the time of the first of the three and At the chosen interval, we 
have from (2) 

Uys" + coe % 
Au,=—ce "(1 —e 4‘) ; 
Mu=co to(1—et4")% 
These equations give 


l—e 4 = _ A’, 
Au, 
which determines qg, and then 
a U (au o)” 
Ru, 


which gives the calculated final excess. 

A rough calculation showed that four minutes was a very suitable 
interval At to choose, which also agreed with the result of actual trials. 
When various trios were taken from different parts of the series not too 
near the end, as there the differences became small, and consequently 
errors of observation would be telling, the calculated final excesses came 
out remarkably accordant. It thus appeared that equation (2) was no 
mere formula of interpolation, but that it was very well satisfied, pro- 
vided, at least, the higher part of the series were not included. The 
limit to which the excess tended when it had become nearly stationary 
was evidently a little, though only a little, lower than the calculated 
limit. This is not to be wondered at, because in the calculation it was 
assumed that the cooling followed Newton’s law, which it is known is 
not sufficiently accurate when the excess of temperature is as great as 
40° or 50°, the cooling in such a case being more rapid than if Newton’s 
law had been followed exactly, the constant involved in it being determined 
by observations taken with more moderate excesses of temperature. 
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The values of gq as determined by different trios did not come out so 
closely accordant as the calculated final excesses, as might indeed have 
been expected from the nature of the equations. Still they agreed in 
showing that to satisfy the insolation observations the coefficient of cool- 
ing g must be taken distinctly larger, in the ratio of about 5 to 4, than 
when the thermometer cooled after exposure. When a beam of the rays 
of the sun falls on the front face of the thermometer a portion of heat is 
absorbed directly by the mercury under the place where the rays strike. 
As mercury is opaque the portion thus warmed would in the first 
instance form a thin stratum adjacent to the surface by which the rays 
entered. Of course currents of convection would arise in the mercury, 
and also the fluid metal would condnct the heat., But if the heat thus 
tends to get diffused, on the other hand there is a constant renewal of 
the superficial heating. Now this specially heated stratum, however 
thin, helps to raise the mean temperature of the surface, but contributes 
comparatively little to the mean temperature of the mass; in fact, if it 
were infinitely thin it would contribute infinitely little. Now the rate of 
cooling is determined by the average temperature of the surface taken 
all round, whereas the indication of the thermometer is determined by 
the average temperature of the whole mass of mercury. Hence the 
mean temperature of the surface is greater than the mean temperature 
of the mass; and therefore, if the rate of cooling is supposed to be 
determined by the temperature indicated by the thermometer, in other 
words, to be what it would have been if there had been no such inequality 
of temperature in different parts of the mass, we must to make up for it 
take a larger coefficient of cooling. 

Hitherto a single series only of observations has been mentioned. 
In fact, a considerable number of series were taken, but as the general 
mode of treatment and the general character of the results are pretty 
nearly the same throughont, it does not seem necessary to mention them 
except when they were made for the special elucidation of particular 
points. 

In the first series the diaphragm used with the lens was the larger 
one, of ,/2-inch diameter. It seemed desirable to compare the results 
obtained with this and with the smaller diaphragm of l-inch diameter. 
Accordingly, on a day when the sky was clear, series were taken with 
the two diaphragms in succession. On reducing the results it was found 
that the effect of radiation through the larger diaphragm was as nearly 
as possible double that through the smaller. 

The object of the quartz plate was to prevent possible irregularities 
arising from the action of wind, which, it was thought, might canse some 
interchange between the air inside and outside the cube. It seemed 
desirable to try the instrument with and without the quartz plate. 
Comparative series were accordingly taken on a clear and not windy day 
-with and without the quartz plate. The effect was in round numbers 
about 10 per cent. less with plate on than with plate off. When the 
plate is used there is loss by reflection from the two surfaces, besides 
which there may also conceivably be loss by absorption. The loss by 
reflection can easily be calculated by Fresnel’s formula for the intensity 
of reflected light. If we disregard the double refraction, and take mu for 
the refractive index answering to the mean of the heat rays incident, and 
take account of the rays reflected an even number of times, as well as of 
those which are not reflected at all, we have for the intensity of the 
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transmitted light, that of the incident being 1— 
2h 
w+) 

On multiplying the calculated final excess got from the observations 
without any plate by the above factor, it came, within the limits of errors 
of observation, the same as the calculated final excess obtained from the 
observations with the quartz plate on. It follows that there is no 
seasible loss due to absorption in the quartz plate. It is to be re- 
membered that the rays that fell upon the quartz had already passed 
through the glass lens, and also that in the radiation from the sun it is a 
comparatively small proportion of heat rays that are absorbed by glass 
and similar substances. 

It remains to be explained in what way we were led to the conclusion 
that the employment of green instead of colourless glass for the bulb of 
the insolation thermometer must have made but little difference in the 
results obtained. 

Imagine a thermometer to be suddenly exposed to solar radiation, as 
in Stewart’s second actinometer, and consider what its behaviour ought 
to be on the two extreme suppositions: (1) that the mercury in contact 
with the glass reflects perfectly all the rays that fall upon it, but that the 
shell is partially opaque ; (2) that the mercury reflects only partially, but 
that the shell is perfectly diathermanouns. 

On the first supposition the mercury would not be warmed at all by 
the rays which fell upon it, but only by conduction from the shell, which 
itself would be heated by absorption of a portion of the rays that fell 
upon it, either as they came from the sun or as they were on their way 
back after reflection at the surface of the mercury. The rise of tempera- 
ture of the shell would ultimately vary as the time elapsed. But if the 
shell were at a given temperature the total heat received by the mercury 
from the shell would vary ultimately as the time during which it has been 
passing in. But as the temperature of the shell is not constant, but its 
rise varies ultimately as the time since exposure, the total heat received 
by the mercury will vary ultimately as the integral of a quantity which 
varies as the time, and wili therefore vary ultimately as the square of 
the time. 

On the second supposition the mercury receives its heat directly from 
the sun, and the total heat received varies ultimately as the time during 
which it has been receiving it. 

Now in the actual observation the gain of heat was found to be 
ultimately sensibly proportional to the time elapsed, rot to the square 
of the time, as may be inferred from the fact that the rate of increase 
was decreasing from the first. We may conclude therefore that the gain 
of heat was due almost entirely to the imperfection of the reflection from 
the mercury, which entails direct absorption by the mercury of the 
portion which failed to be reflected, and only in a comparatively in- 
significant degree due to absorption of heat by the shell in the passage of 
the heat through it. We may therefore infer that the substitution of 
green for colourless glass in the shell of the bulb would make but little 
difference in the results obtained. This agrees with the experience of 
Captain Abney, who was led by his experiments on the diathermancy 
of various kinds of glass to suppose that a thermometer with a bulb of 
green glass would rise decidedly higher in sunshine than one with a shell 
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of colourless glass, but found on trial that the substitution of green for 
colourless glass made only a slight difference. 

That the rise should be due chiefly to absorption of radiant heat by the 
mercury is not to be wondered at. We do not know whether actual 
experiments have been made on the reflecting power of mercury in 
contact with glass, but we should probably not be far wrong in estimating 
it at about 65 per cent., which is about the reflecting power of speculum 
metal in air. This would leave as much as 35 per cent. of the incident 
rays to be absorbed by the mercury. 

In some of the experiments the change of temperature of the case was 
barely slow enough to allow of regarding T as constant in the integration 
of (1). But it is easy to prove that if 7 vary slowly, though not 
infinitely slowly, in order to correct for the finiteness of the rate of 
change, we have merely to add the term —dr/qdt to the right-hand 
member of (2). 


Report on Constants and Units. By C. E. GUILLAUME. 


[A Communication ordered by the General Committee to be printed in eatenso 
amongst the Reports. | 


Tue report which I have the honour of presenting to the British Associa- 
tion does not constitute a coherent whole, but has, on the contrary, the 
character of detached notes, which notes can, however, be classified in 
three groups. In the first I will give the value of several constants deter- 
mined in modern times. The second embraces various propositions which 
seem to me already in a sufficiently advanced state for it to be possible 
to come to a decision with regard to them. Lastly, in the third part 1 
have made brief allusion to various units which will doubtless come 
under discussion in a few years, and about which it may be convenient 
meantime to endeavour to form an opinion. 


First Part.—VALvES OF CERTAIN CONSTANTS. 


Up to quite recent modern times a certain number of geodetic data 
were derived from the ancient toise of Peru, or from the toise of Bessel. 
Many physical constants are given in terms of a yard, foot, inch, or mil 
(‘001 inch) ; it is therefore important to know the value of these various 
units in terms of the metre, which tends to become more and more, 
thanks in part to the British Association, the international scientific 
unit. I ought to say first that, since the Conference of Weights and 
Measures held in Paris in 1889, the metre and kilogramme are no longer 
defined by the standards of the Archives of France, but by the copies of 
these standards which are deposited in the International Bureau of 
Weights and Measures: these copies are the common property of the 
nations who adhered to the convention of the metre. 

Toises—According to a determination of M. Benoit, Director of the 
International Bureau of Weights and Measures, the true value of the 
ancient toise of France is 

1™-949099, 


and that of the toise of Bessel is 
1™-949061. 
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Yard.—The accépted value of the metre, according to Kater, is 


39°3708 inches ; 
or, according to Clarke, 
39°3704 inches. 


These numbers were deduced from standards of the metric system 
whose value was insufficiently known. But, thanks to modern determi- 
nations, we have been enabled to obtain an accurate reduction of these 
ancient values, as well as those of Mr. Comstock ; M. Tittmann has thus 
found 

1™=39-3698 inches. 


According to other measurements by Clarke we should have 
1™=39°3699 inches. 


If we adopt this last value, which seems at present the most probable 
one, we have 
l yard =0-914404 metre, 
1 foot =0°304801 _,, 
linch =0:025400 
1 metre=1-:093608 yard. 
1 ,, =3280825 feet. 


Electric Standards——A great number of researches have been devoted 
to the measurement of the variation of the specific resistance of mercury 
with temperature; the divergences of these results induced me to under- 
take the redetermination, and to spare no pains to obtain an accurate result. 

I would not trespass on your patience by describing the precautions 
I have taken, the difficulties encountered in the work, and the reasons 
which make me feel that this result is sufficiently free from systematic 
errors. By sixty-four series of measurements made between 0° and 61°, 
I have arrived at the following mean result :— 

1. Apparent resistance of mercury in hard glass, in terms of the 
hydrogen thermometer : 


rp=1y(1 +.0°0008809T + 0-:000000999T?). 


2. True resistance of mercury (corrected for dilatation of the glass) 
in terms of the same scale : 


Pr=Ppo(1 + 0:0008881T + 0:000001010T). 


Srconp Part.—Proposirions. 
Introduction. 

I wish first to demonstrate by some examples the three following 
principles :— 

1. There would be danger, from the point of view of precision, in sup- 
pressing intermediary units which are theoretically unjustifiable, but 
which can be represented by precise standards. 

2. In certain cases it would be advantageous to reduce the constants 
to the C.G.S. system more than has heen done. 

3. For ordinary physics and industrial application certain approximate 
definitions are clearly sufficient, while metrologists can, for their own use, 
apply the necessary corrections to their results. 


— 
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1. In theory one unit of each kind is enough to express all quantities of 
the same nature, but in practice it is useful to keep several units. 

The unit of energy in all its forms is the erg, or one of its decimal 
multiples, and if we knew with sufficient exactness an official value of the 
mechanical equivalent of heat we could express in ergs all the constants 
which calorimetry requires. This will, without doubt, be done in the 
future, but for the present the final result would lose in precision if we did 
not keep an intermediate unit, the calorie, of which everyone can easily 
procure for himself an exact standard ; for the reduction to the erg would 
introduce in certain cases a greater uncertainty than the crude result. In 
theory we should have gained somewhat, but the result would have been 
rendered more vague. 

2. Let us take, on the contrary, the case of the mechanical equivalent 
of heat in which several intermediate constants occur more or less, accord- 
ing as it is expressed in normal or in local kilogrammetres or in joules. 
The most exact mode of realising a given amount of work is by absorbing 
the effect produced by the earth on a heavy body. Then, knowing the 
mass of a body, it will be necessary, in order to measure the work which 
it does in falling, to know the value of ‘g’ at the place of observation and 
the pressure of the air which are well determined. The whole reduction 
of the experiment will not introduce an error of 1: 10,000 in the result, 
an error which is in this case quite negligible. 

Hence, if there is any practical interest in keeping the value of the 
equivalent in gramme-force centimetre, the question of precision does 
not come in at all, and unification cannot but gain by completing the 
reduction to the C.G.S. system. 

3. After having theoretically defined a unit it is useful to give a legal 
value and a standard of it ; this legal value carries a special name, and by 
an odd reversal of the problem, in the progress of measurements, the 
theoretical unit becomes expressed in terms of the legalstandard. If one 
is afraid that this unnatural state of things might cause inconvenience it 
is only necessary to consider the case of the metric system to convince 
oneself that this is not so at all. Originally the kilogramme was defined in 
terms of the decimetre, taking the density of water as equal to 1. To- 
day the litre is deduced from the kilogramme, but the litre is no longer 
rigorously equal to a cubic decimetre. 

A certain number of physical constants determined by hydrostatic 
weighings or by volumetric measures are expressed in terms of the (milli- 
litre )* or (millilitre)’, and not in terms of the centimetre or cm?. 

The occasions in which it would be necessary to establish a difference 
between these quantities are so rare that I do not believe I am going be- 
yond the truth in saying that the half of physicists have never expressed 
this difficulty. 

With these preliminaries I pass to the propositions. 


Unit of Pressure. 


So far the unit of pressure has escaped reform, but by a very happy 
chance we could, by a change of little importance, adopt a unit of pres- 
sure which would be in harmony with the C.G.S. system, and whose 
value would be as convenient and exact a one as possible. 

Let us admit provisionally that the absolute density of water at 4° 
is equal to unity; we shall have for the density of mercury at 0° the 
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number 13°5956, which expresses its relative density (specific gravity), 
The pressure being given by the equation 


p=hgd, 


we must choose for g some normal value. Now, there can be no hesitation 
on this point Meteorologists, metrologists, and geodesists have adopted 
the normal value at 45°, and at sea-level; physicists have begun to adopt 
this unity, and any exceptional cases can only be attributed to pre- 
conceived ideas. The normal value of g is 


980-65 
sec 


ee gy Eee =h x 980-65 x 13°5956 | eoat = 
sec”.cm sec? cm 

Let p=10°; then h=75-005 cm. 

Starting from this result I propose to adopt as the unit of pressure 
the pressure exerted by a column of mercury of 75 cm. at O° under the 
normal conditions of gravity, and to call this unit the barie. This 
decision would in no wise prevent one from keeping as secondary units 
the pressures exercised by columns of mercury 1 mm., 1 cm., or 1 m. in 
height, which bear a simple ratio to the unit pressure. ! 

I do not think that any measurements have been made in which it 
would be of use to take into account the compressibility for a pressure of 
one barie; but as this correction varies as the square of the height, 
the limit beyond which it is no longer negligible is 2 or 3 metres of 
mercury, a correction must be applied in certain experiments on this 
account. 

The Temperature Scale. 


The thermometric system is an entirely arbitrary one, and is subject 
to only one condition, namely, that of offering a simple relation with 
precise experimental data. The adoption of a normal unit of pressure in 
nmowise renders it necessary to make use of this unit for the determina- 
tion of the higher fixed point of the system of temperatures. ‘I'he 
adoption of a thermometric system (that is to say of a fundamental 
interval and of its subdivision) by all physicists alike would evidently be 
extremely useful, and it is doubtless to avoid breaking suddenly with 
popular customs that the Centigrade system has not yet come into 
universal use. 

Altogether different is the question of a thermometric scale, that is 
to say of a function of some natural phenomenon which represents 
the temperature when it is made to satisfy two equations of condition. 
Carnot’s principle, as Lord Kelvin has shown, allows us to define a scale 
of temperatures independently of the thermal properties of any given 
body. The most accurate experiments may lead to the belief that, 
within the limits of temperature measured as yet, the hydrogen thermo- 
meter furnishes us with a scale of temperatures which is practically 
equivalent to the thermodynamic scale; and it is for this reason that 
this standard scale has been adopted by the Comité International des 
Poids et Mesures. I would propose, therefore, that all physicists should 
be recommended to reduce all exact measurements to the Centigrade scale 

' For the unit of pressure to be completely defined it is necessary to state 


whether account shall be taken of the compressibility of mercury and of its vapour 
pressure, of which the value at 0° is as yet not very well determined. 
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of the hydrogen thermometer, to which the name of normal thermometric 
scale should be given.! 
Tuirp Parr. 
Certain proposals still awaiting their final form and considerations on 
certain points :— 
The Calorie. 
It has been proposed on various occasions not to adopt an independent 
unit of heat-energy.' In the equation 


we have— eer 
M = unit of mass of water ; 
ce =specific heat of water ; 


@ =the interval of temperature corresponding to one degree ; 
j =either the C.G.S. unit or the practical unit of energy ; 
a = the heat-equivalent of this energy. 


The proposal in question is equivalent to putting a = 1, and, as we 
cannot modify M, to fixing c and 6 so as to satisfy the equation. 

Messrs. Preece and Forbes proposed in 1889 to modify the temperature 
system, while Prof. Ostwald prefers to attribute to water a specific heat 
differing from unity (equal to 42, when M=1 gramme, 0 = 1°C., and 
j =1 joule). Iam also of opinion that it would be best to agree to this 
last alternative finally ; but I have pointed out previously why I think it 
preferable for the moment to adhere to the status quo, and to consider this 
reform one of those to be accomplished ia a more or less distant future. 
For the present it is, above all things, necessary to define the calorie— 
that is to say, the temperature at which the specific heat of water shall 
be considered equal to unity—but I do not think this decision can be 
taken before the question has again been submitted to a very accurate 
experimental investigation. The temperature measurements would, of 
course, be necessarily referred to the normal scale. 


Radiation. 


No special unit has hitherto been employed for radiation in general, 
and the only unit which has been used in a particular case is irrational ; 
for in solar radiation all authors have taken for their unit the calorie per 
minute, a unit which conforms to no system at all. No radiation has 
hitherto been measured to an approximation equal to that with which we 
know the mechanical equivalent of the calorie, hence there would be no 
inconvenience in using the watt as the unit of intensity of radiation. 
This unit would yield very acceptable numbers for the majority of cases 
of total radiation which we have to measure. We might even push our 
analysis still further, and divide the spectrum of an incandescent body into 
bands 0°1 jz (u=micron) in breadth ; the unit would then be the watt in each 
of these bands, The spectram would thus be completely defined, and 
moreover the sums of the partial intensities would be numerically equal to 
the total intensity of the radiation. 

1 The differences between the indications of various kinds of mercury thermo- 
meter and the hydrogen thermometer have been determined by very accurate 
experiments. The comparisons carried out by M. P. Chappuis with mercury thermo- 
meters of hard French glass are the most complete ones that have hitherto been 
made. We also possess reduction tables for thermometers made of hard Jena glass, 
of French lead glass, English lead glass, &c. It is much to be desired that only 
samples of hard glass should be used in the construction of thermometers. 
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On the Application of Interference Methods to Spectroscopic 
Measurements. By ALBERT A. MICHELSON. 


PLATEs I.-IV. 
[Ordered by the General Committee to be printed in eatenso among the Reports. ] 


Tue theoretical investigation of the relation between the distribution of 
light in a source, as a function of the wave-length, and the resulting 
‘visibility curve’ has been given in a paper bearing the same title as the 
present one in the ‘ Philosophical Magazine’ for April 1891. ; 

The physical definition of ‘ visibility’ there adopted is 

I,-1, 

I,+ 1, 

in which I, is the intensity at the centre of a bright interference band, 

and I, the intensity at the centre of the adjoining dark band. In order 

to interpret the actual curves obtained by observation of interference 

fringes, it is first necessary to reduce the results of the eye-estimates of 

visibility, which may be designated by V,, to their absolute values as 
above defined. 
For this purpose two quartz lenses, one concave and the other convex, 

and of equal curvatures, were mounted with their crystalline axes at 

right angles to each other between two nicols. Under these conditions 

a series of concentric interference rings appeared. If a be the angle 

between the principal section of the polariser and the axis of the first 

quartz, and w the angle between the axis and the analyser, the intensity 

of the light transmitted will be 


We 


t,—t 
= cos? (w—a)—sin 2a sin 2w sin Pele 
where #¢, is the thickness through the first quartz, and ¢, that through 
the second. If the analyser and polariser are parallel, o = a, and 
alta 4 
Xr 


I= 1—sin?2asin? 7 5 
whence 
I,=1, and I,= 1 — sin? 2a, 
and 
_ 1I,—I, _1-— cos? 2a 


Ped. Leos va 


This curve, together with the mean of a number of eye-estimates, 


given in fig. 2 on opposite page. From these the following table of cor- 
rections may be obtained :— 


Ve. Cor. Vie Cor. 
00 “00 *b5 —'12 
“O05 +03 60 —'14 
10 +04 "65 —'15 
als: +°03 ‘70 —'16 
"20 +02 by 4) —16 
25 “00 “80 —14 
“30 —:03 "85 —'13 
*35 —'05 “90 —'1l 
“40 —'07 95 —‘08 | 
45 —08 1:00 00 { 
O50) —10 
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Fig Xi, = 
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The curves show a general tendency to estimate the visibility too 
high when the interference bands are clear, and too low when they are 
indistinct. This tendency may be modified by a number of circum- 
stances; thus it increases with the refrangibility of the light used; it 
is greater when the field contains a large number of bands than when 
there are but few; it is greater while the visibility curve is falling than 
when it is rising ; it does not seem to be greatly affected by the intensity 
of the light; finally it varies on different occasions and with different ob- 
servers. Notwithstanding these disturbing causes, the result, after 
applying the correction, will rarely be in error by more than one-tenth of 
its value, and ordinarily the approximation is much closer than this.! 

The observations necessary to construct the visibility curves, from 
which the distribution of light in any approximately homogeneous source 
is to be deduced, may be made with any form of interference apparatus, 
which allows a considerable alteration in the difference of path between 
the two interfering streams of light. 

The apparatus actually employed for this purpose was designed for 
the comparison of wave-lengths, and while admirably adapted for the 
observation of visibility curves it contains many parts not necessary for 


1 The formula for visibility deduced in the preceding paper is 
C? +8? 
Tee 


V2= 
in which 
ree |e (w) cos hada, 


s =|¢ (a) sin hede, 


P=(9(@)de, 


k=2nD, 
D = Difference in path, 


and $(#) represents the distribution of light in the source. 

In this expression no account was taken of the effect of extraneous light, and it 
was assumed that the two interfering pencils were of equal intensities. It can be 
shown that the error due to both these causes tends to lower the visibility; but in 
either case the correct values may be obtained by multiplying by a constant factor. 

In the first case let e be the intensity of the extraneous light, and V’ the result- 
ing visibility ; then by definition— 

Gea +2)) ii Qe ease 

Le ad Z = “ ° 5 —————— he, = Sd 
ite) +, re) 1,41 480 ie eer Ce 
whence V=(1+7) V’. 


In the second case, let p be the ratio of intensities of the interfering pencils; 
then it can readily be shown that the resulting intensity is 


I=(1+p*)P+2p (C cos 8—S sin 8), 
and hence the visibility is 


whence 


1+p° 
If the interfering pencils differ by 25 per cent. the factor 5) P differs from unity 


by about 4 per cent., so that, in most cases, this cause of error may be neglected. 


ON SPECTROSCOPIC MEASUREMENTS. 173 


this use. Fig. 1, page 171, presents the plan of an arrangement which, 
while showing all the essential parts, is much Jess complicated. Starting 
from V, a vacuum tube containing the substance whose radiations are to 
be examined (and which is usually enclosed in a metal box in order that 
it may be raised to any required temperature), the light is analysed by 
one or more prisms, forming a spectrum from which any required 
radiation may be separated from the rest by passing through the slit 8." 

The light from § is rendered nearly parallel by a collimating lens, and 
then falls on a transparent film of silver on the surface of the plane 
parallel plate G,.? 

Here it divides, part being transmitted to the fixed plane mirror M, 
and part reflected to the movable mirror M,. These mirrors return the 
light to the silvered surface, where the first part is reflected and the 
second transmitted, so that both pencils coincide on entering the observ- 
ing telescope.* 

A little consideration will show that this arrangement is, in all respects, 
equivalent to a film or plate of air between two plane surfaces. The 
interference phenomena are therefore the same as for such an air-plate. 

The theory of these interference bands has been given in an article 
entitled Interference Phenomena in a New Form of Refractometer, ‘ Philo- 
sophical Magazine’ for. April 1882. As is there shown, the projections of 
the bands are, in general, conic sections, the position of maximum dis- 
tinctness being given by the formula 


P= 3 tan 7 cos? 6, 


in which f, is the thickness of the equivalent air-plate, where it is cut by 
the axis of the telescope, ¢, the inclination of the two surfaces, 6 and 2, 
the components of the angle of incidence parallel and perpendicular re- 
spectively to the intersection of the surfaces, and P, the distance of the 
plane of maximum distinctness from the surfaces. If 6 be small, the 
variations of P with 6 may be neglected, and we have then 


p=! tan ¢, 
tan d 


or with sufficient accuracy, 


pao, 


' In the case of close groups of lines the image of the source is first thrown on a 
slit, otherwise the lines at S would overlap. 

2 The light entering the telescope is a maximum when the thickness of the silver 
film is such that the intensity of the transmitted light is equal to that of the reflected 
light. The silvering has another important advantage in diminishing the relative 
intensity of the light reflected from the other surface. Indeed, for this purpose it 
is advisable to make the film heavier; even so thick that the reflected light is twice 
as bright as the transmitted. This does not affect the ultimate ratio of intensities 
of the interfering pencils—for what is lost by transmission on entering the plate G, 
is made up by reflection on leaving it, the effect being simply to diminish somewhat 
the whole intensity. Another advantage of the thicker film is that it can be made 
uniform with far less difficulty than the thin film. It may be mentioned that with 
this form of instrument the interference fringes in white light present a purity and 
gorgeousness of coloration that are surpassed only by the colours of the polariscope. 

8 The second plane parallel plate G, is made of the same thickness as the first, 
and is required to equalise the optical paths of the two pencils. 
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From this it will be seen that the focal plane varies very rapidly with 7, 
so that, unless ¢=0, it is impossible to see all parts of the interference 
bands in focus with equal distinctness. If, however, =0, that is, if 
the two’surfaces are strictly parallel, then P=oco, and if the observing 
telescope is focussed for parallel rays, all parts of the bands are equally 
distinct. Under these circumstances the interference fringes are concen- 
tric circles, whose angular diameter is given by 


A 
————. 
cos Th 


2 
If for A we put 2t)—nA, and for cos $ its approximate value 1% , we have 
gua 

' ae in 


In order to obtain an idea of the order of accuracy required in this 
adjustment, suppose the angle $ to be so small that its influence on the 
distinctness may be neglected. The intensity at the focus of the observ- 
ing telescope will be 


T=| {cos” txAdady, where k= a 


If the aperture be a rectangle, whose height is 2b and width) 2a, 


T=20(™ cos? «Adz. 


But 
A=2 (t) + $2), 
whence : 
I=26 [ + cos 2xty ea 
K 


The maximum value of I is 


sin 2kda 
2b| a + Ses ge | 
and the minimum yalue is 
26/ a __ sin ad 
2p : 
whence P 
__sin 2xha 
= 2kha ‘ 


In attempting to verify this formula, by actual observation, one is met 
by the difficulty that all parts of the bands are not in focus at the same 
time, the right and left bands being more distinct than the central one, 
to which attention ought to be directed. Notwithstanding the rather 
rough character of the observations, the results agree fairly well with 
theory. If 4) is the ratio of the wave-length to the width of the rectan- 
gular aperture, the above formula becomes 


wr sin arp I bo, 
2r/ do 
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from which the second column in the following table was calculated. 


/0 V (cale.) V (obs.) 

0-0 5 : = : - 1:00 1:00 
‘1 “94 “94 
2 “15 73 
3 50 “40 
“4, “24 13 
3) 00 09 
6 15 10 
Eve 22 “O09 
8 19 07 
“9 ‘ ss : 15 *05 

1-0 0 ‘00 04 


From this table it appears that if the visibility is to be estimated by 
observations with a telescope of 12 mm. aperture (or with a circular 
aperture about one-fourth greater) an error in the adjustment of 
the surfaces of a second of are would produce a diminution of 4 or 5 
per cent. in the visibility. Accordingly, if the ways on which the mirror 
carriage moves are not true to this degree, it is necessary to make the 
adjustment for every observation. 

This can be done with very great accuracy by moving the beam of 
light from side to side and adjusting the mirror until there is no percep- 
tible alteration in the size of the rings. Since the admissible error in 
adjustment is inversely proportional to the aperture, the observations may 
be facilitated by making this as small as possible if there be light to 
spare. This is all the more necessary for the same reasons, if the sur- 
faces be not true. However, the error due to this source may be easily 
corrected (since all the observations are affected alike) by multiplying by 
a constant factor. 

In order that the visibility curve may extend as far as possible, it is 
necessary that the vapour should be very rare. Accordingly, in all but a 
few cases to be mentioned later, the substance to be investigated was in- 
closed in a vacuum tube which was previously heated to drive off any 
moisture or occluded gases. 

The vapour was rendered luminous by the discharge from the second- 
ary of a large induction coil, whose primary current was interrupted by a 
rotary break attached to the armature of an electric motor, making 
about twenty to thirty breaks per second. The steadiness of the light 
thus obtained was far greater than with the ordinary Foucault inter- 
rupter. Probably it would have been still more satisfactory to use an 
alternating dynamo properly wound to give a strong current with com- 
paratively few alternations. 

The box surrounding the vacuum tube was heated just sufficiently to 
give a steady bright light, and the temperature then kept as nearly uni- 
form as possible. This temperature was usually taken to represent that 
of the vapour within the tube. This is, of course, only a rough approxima- 
tion to the truth ; and in some cases the estimate was much too low. 

As it was not intended to include in the present work an elaborate 
study of the effect of temperature, this matter was not of great conse- 
quence. It may be suggested, however, that a very much closer approxi- 
mation to the real temperature could be obtained by winding a platinum 
wire about the capillary portion of the tube and deducing the tempera- 
ture from the variation of its resistance. A preliminary experiment in 
which a platinum wire passing through the tube and heated by a current 
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until the platinum spiral outside the tube was raised to fixed temperatures 
would give a means of deducing from the indications of the spiral the 
true temperature within the tube. 

These adjustments being effected, the screw of the ‘ wave-comparer ’ 
was turned to zero; that is, till there was no difference of path between 
the interfering pencils. At this point the visibility should be as great 
as possible, and was accordingly marked 100. The screw (of 1 mm. 
pitch) was then turned through one turn, thus giving a difference of 
path of 2 mm., and the visibility again estimated, and soon. The curve 
was then drawn, giving the estimated visibility for each 2 mm. difference 
of path, and this was corrected for the personal equation as before 
described. 


Hydrogen.! 


The full curve in‘fig. 30, Plate I., represents such a curve for the 
red hydrogen line at a pressure of abovt ] mm, and a temperature of 
about 50° C. 

The dotted curve represents 

v2 


x cos *7/30.2 

It follows that the visibility curve is practically the same as that due 
to a double source, whose components have the intensity ratio 7 : 10, and 
in each of which the light is distributed according to the exponential law, 
expressed by the first term. 

The formula for a double source, where the components are similar, is 


1+7?+ 27 cos on 
v= Dy 
1+7?4+2r 


’ 


in whick D, the period of the curve, is inversely proportional to the 
distance between the components. 
But D=NA,=(N+4+1)Az, whence 
2 
=A, —A.=—. 
a 1 2=H 
Hence, in the present instance, we have for the distance between the 
’ components of the red hydrogen line 


gly X (6°56 X10")? =1-4 x10“ mm., 


or 0°14 division of Rowland’s scale. 
Again, if 3 be the ‘half-width’ of the spectral line (the value of x 
when ¢$(2)=3), then 


ad 2X 2§2 
o(a)=2- 8, and Vee" 


1 The hydrogen was prepared by dropping distilled water upon sodium amalgam, 
and allowing the gas to pass through sulphuric acid into the vacuum tube, which 
was repeatedly exhausted until the spectrum of hydrogen was nearly pure. 

? As frequent use is to be made of the function 


5 x 

1 +7? + 29 cos 2rr- 
™D 
l¢re2r 


it will be abbreviated to the form cos 7/D. 
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9 
If A be the value of X for V=4, then sa = or, with sufficient ac- 
7 
2 
curacy, j=. 


Substituting the value of 3 in the equation for V, we have V=2-% 
The value of A in the hydrogen curve is 19. Accordingly, after reducing 
to the same units as above, we have 6=0:049. 

From these data fig. 3a was constructed, the full curve showing the 
distribution of light in the source. 

Fig. 4d, Plate I., gives, in the full curve, the corrected values of 
the visibility of the blue hydrogen line, at the same temperature and 
pressure as before. The dotted curve represents a double exponential, as 
before. The formula for this curve is 


v=o cos -7/28, 


thus giving a=0'08 for the distance between the components, and 
8=0°057 for the ‘half-width’ of each. These values give for the distribu- 
tion of light in the blue hydrogen line the full curve in fig. 4a. 


Oxygen. 


Fig. 5, Plate I., represents the results obtained from oxygen prepared 
by heating a tube containing mercuric oxide, drying the gas by sulphuric 
acid, and exhausting and filling repeatedly, till the spectrum was nearly 
pure. The lines are much less bright than those of hydrogen, and in 
order to obtain satisfactory results, ‘the current had to be increased so 
far that the tube was frequently brokeb:. _Notwithstanding the somewhat 
uncertain character of the observations, it will be seen from fig. 5a that 
the curve for the orange-red line corresponds very well with that given 
by the formula 


Va=2 * "1-36 +-32 cos 2rX /2°694-16 cos 2X /4-85 
+16 cos 2rX/1-73]?. 


The agreement between the coefficient 2 and the general curve 
drawn through the maxima is also shown in fig. 5b. 

The interpretation of these results is that the orange-red oeyEen line 
is a triple, whose components have intensities in the ratios 1:1 : 1/2, 
and whose distances apart are 1:51 and 0:84 respectively, fear whose 
‘half-width’ is 0-027. This is shown in fig. 5c. 


—X?/347 


Sodium. 


The results obtained from metallic sodium in the vacuum tube are so 
varied, the character of the lines being so considerably altered by tem- 
perature and pressure, that a complete study is at present impossible. 

This is especially true of the yellow lines, and the difficulty is con- 
siderably increased on account of the insufficiency of the dispersion used, 
which does not permit the separate examination of the lines. Some 


weference to the changes mentioned will be given at the close of this 
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paper. At present it will suffice to take a particular case, the pressure 
being very low and the temperature about 250°.! 

The full curve in fig. 6b, Plate I., gives the experimental result for 
the visibility at the maxima for yellow sodium light, corrected for the 
personal equation. The dotted curve corresponds to the formula 


V=2 ~*~" cos *7/50 cos “1/140. 
The complete equation, assuming that the two lines are alike, is 
Van cos :8/0:58 cos *7/50 cos 1/140. 


The interpretation of these results is that each of the sodium lines is 
a close double, as shown in fig. 6a. 

The yellow-green sodium-line at A=5687 is a double whose com- 
ponents are about the same distance apart as the yellow pair. It was 
found to be far less variable than the yellow; and the full visibility 
curve, neglecting slight irregularities, gives the experimental results 
corrected for personal equation. Fig. 7b, Plate I., shows that its com- 
ponents are single, and correspond in distribution of light fairly well 
with the exponential curve, fig. 7a. 

The same may be said of the orange-red double at 6156 also, except 
that this seems to have a companion of feeble intensity. 

The doubles at 5150 and at 4982 were also examined, the curves 
showing nearly the same results as the red. 


Zine. 


The temperature at which the radiations from metallic zinc could be 
conveniently observed was in the neighbourhood of the melting-point of 
the glass of which the vacuum tubes were made. But few observations 
were recorded, though these were quite consistent. The results of the 
observations, corrected for personal equation, are given in figs. 8 and 9, 
Plate I. The former is the record obtained from the red line near 
6360, and shows that this line is single, the distribution of light agreeing 
very well with a simple exponential curve, the ‘ half-width ’ being 0:013. 
The latter shows the results of observation on the blue line near 4811. 
The dotted curve is the visibility curve due to a distribution represented 
in fig. 9a. 


Cadmium. 


Metallic cadmium in the vacuum tube at a temperature of about 280° 
gives a number of very bright lines, widely separated, and varying very 
slightly with temperature or pressure. Fig. 10b, Plate II., shows the 
experimental visibility curve of the red line near 6439, corrected for the 


personal equation, together with the simple exponential curve Van Se 
The remarkably close agreement leaves no doubt that the distribution of 
light in the source follows very nearly the exponential law, giving the 
curve in fig. 10a, in which the ‘ half-width ’ of the source is 0-0065. 

The result of a single set of observations on the green line at 5086 is 
given in fig. 11), Plate II., the approximate agreement between the 
full line and the dotted curve (which corresponds to the equation 


1 The curve given above was obtained a year ago; and since then it has been 
impossible to reproduce it exactly. 
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v=o *™ cos 2 /115) showing that the source is a close double, the 
intensity of whose components is in the ratio 5:1, and whose distance 
apart is 022, the “half-width ’ of each component being 0°0048. 

The curve for the blue radiation at 4800 is given in fig. 120, Plate 
[I., and shows that the results may be approximately represented by 
V=2 *"* cos] /32, which corresponds to the distribution of intensity 
given in fig. 12a. 


Thallium. 


The metal is not sufficiently volatile at the temperatures attainable, 
but the chloride answers admirably, giving a brilliant green light, the 
visibility curve varying but little with temperature. This curve is 
given in fig. 13), Plate II., together with the dotted curve representing 
the equation 


v= cos 2/160 J 4V 27+ V.2+4V,V_5 cos 27rX /25°3, 


in which 
—X?/246? 
. V3 =? ? Py 
and. 
—X2/188? 


V.=2 


This is the visibility curve due to a double source, each of whose 


components is a close double, as shown in fig. 18a. 


Mercury. 


Mercury in a vacuum tube gives two yellow lines, 5790 and 5770, a 
very brilliant green line at 5461, and a violet line at 4358. 

The yellow lines are not very bright, and are so close together that it 
is somewhat difficult with the dispersion~employed to prevent the light 
from overlapping. Notwithstanding these difficulties, the close agree- 
ment of a number of observations shows thatthe curve for the lower line, 
given in fig. 14), Plate II., is a close approximation to the truth. 
Neglecting the effect of a line’ of feeble intensity at a distance of about 
24 from the principal line, the distribution of light in the source is 
represented in fig. 14a, which gives for the visibility curve 


V=iV ae +V.7+ 6V,V. cos 27X/28, 


in which 
—X2/200? 


Woe ’ 


and 


Vo cos 5/280. 

Fig. 15b, Plate II., represents the results of observations on the 
upper yellow line, omitting some peculiarities due to the presence of one 
or more lines of feeble intensity. The curve agrees closely with the 
formula 

V=tV 3V,74+V.?+6V, Vo cos 27X/70, 
in which 
Vege 8 
i= 
and : 
—X?/126" 


Woe > 
N 2 
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which represents the visibility curve produced by two lines of intensities, 
1 : 3and separated by 0:019 division as shown in fig. Lda. 

The green mercury line is one of the most complex yet examined. 
The constituent lines are, nevertheless, so fine that the interference bands 
are frequently visible when the difference of path is over four-tenths of 
a metre. The full curve in fig. 16), Plate II, gives the results of | 
observations corrected for personal equation, while the dotted curve 
represents the equation 


Via 6. 7-69V 2+ 03V 22 + LBV 1 Vo_ cos Zr X/31-4, 
in which 
V,="624°38 cos 27X /360, 
and 
V.="77 +°23 cos 27X/110. 


This is the visibility curve corresponding to the distribution repre- 
sented in fig. 16a. The components of the line, for simplicity, have been 
assumed to be symmetrical, as figured; but the observations are not 
sufficiently accurate to determine whether, for instance, each component 
is a double or a triple line. In this case, also, as in the preceding ones, 
it is impossible, from the data given, to determine whether the smaller 
component is to the right or left of the principal line. , A direct obser- 
vation with the grating showed, however, that the smaller component is 
towards the red end of the spectrum. 

The full curve shows that there is at least one other line—probably 
more than one—whose intensity is roughly one-twentieth of the principal 
line, and whose distance from it is about three times that of the chief 
components. 

The violet mercury line is much more difficult to observe than the 
others. The results obtained by observation, corrected for personal 
equations, are given by the full curve fig. 17b, Plate II. The formula 
for the dotted curve is 

V=V ‘88V,?+°12V,V, cos 2rX /23, 
in which : 

V,=2 *"™ [-624°38 cos 27X/200], 
and 

ee ee 
the resulting distribution of light shown in fig. 17a. 

The results of the preceding work are collected for comparison in 
fig. 18, Plate III., together with the D group in the solar spectrum. 
From these, as well as from the curves, it wili be seen that it is easy by 
this method to separate lines whose distance apart is only a thousandth 
of that between D, and D,, and even to determine the distribution of 
light in the separate components. The conditions most favourable to 
high values of the visibility are low density and low temperature, and 
these conditions were complied with as far as possible. Still, in many 
cases, the range of visibility due to slight variations of the conditions 
shows that the behaviour of each substance must be carefully studied 
under all possible circumstances of temperature, pressure, strength of 
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current, size and shape of the electrodes, diameter of the vacuum 
tube, &c. 

The effect of temperature and of pressure on the visibility may be 
readily accounted for on the kinetic theory. In fact, there is but little 
doubt that these are the chief, if not the sole, causes of the broadening of 

the spectral lines, and the consequent diminution of visibility, the latter 
cause acting by altering the period of the source by frequent collisions, 
and the former by the alteration in the wave-length of the light due to 
the motion of the source in the line of sight. 

If, now, the density of the vapour is very low, the second cause may be 
ignored, and it will be shown that in the case of hydrogen this is the case 
when the pressure is one or two millimetres. 

In most of the cases investigated the pressure was so low that the dis- 
charge passed with difficulty. Supposing, then, the effect of collisions to 
be insignificant, let it be proposed to find the effect due to the motion of 
the molecule in the line of sight. If v be the mean velocity of the mole- 
cule and V that of light, then the formula for the resulting visibility 
curve as given by Lord Rayleigh! is h=(I—a’’) /(1+<a’’). 

If the definition of visibility as given above be taken, however, this 
becomes 


+ 


rath TX v\2 
V=a"=exp [-= (Cy ] 


If A be the difference of path at which the visibility is reduced to 
half its value at X=0, then 


pee Va 
a Ir On 
or approximately, 
“ a “5 ¥. 
Nee ie 
a . ace bee A 
If we take for hydrogen v=2000 metres per second, then 4 22000. 


Again, if we ignore the difference in the temperature (about which 
there is considerable uncertainty), at which the other substances were 
examined, the velocities v would vary inversely as the square root of the 
atomic weight, and the number of waves in the difference of path at 
which the visibility is 0°5 is therefore 22500 JV m. 

Considering the difficulties and uncertainties of the problem, the 
following table shows a very remarkable agreement between the values 
actually found and the calculated results.? 


1 «Qn the Limit to Interference when Light is Radiated from Moving Molecules,’ 
Phil. Mag., April 1889. 

* It should be stated that the value of A for the yellow sodium line, if taken 
from the curve, would be much larger than that given. This was the mean of a 
number of observations taken within the past month. As has been stated before, 
this particular curve has not been obtained since last year. A few other substances, 
very difficult to examine, either because the lines are too feeble, or because the 
spectrum is so unstable, have given results not quite so consistent as the above, 
though all are of the same order of magnitude as that required by theory. : 
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Substance At. Wt. A | A | N= N (calc.) 
| 

see - - F 1 656 19-0 30,000 22,500 
Ep: . ; : i 486 8°5 18,000 22,500 
@ . i . - 16 616 34:0 55,000 80,000 
Na, £ : - 23 616 66:0 107,000 108,000 
NBs aie : é 23 589 80:0 133,000 108,000 
Nagy . : : 23 567 62:0 109,000 108,000 
Na,’ ; : : 23 515 44-0 85,000 108,000 
Na," : : ¢ 23 498 550 | 110,000 — 108,000 
Zn, . : : 65°5 636 66:0 104,000 182,000 
Znp , : 2 65°5 481 47:0 98,000 182,000 
Cd, : ‘ : 112-0 644 138°0 215,000 238,000 
Cdg : : : 112-0 509 120°0 236,000 238,000 
Cd, : : : 112:0 480 640 134,000 238,000 
Hg,’ 3 : : 200°0 579 230:0 400,000 317,000 
Ho oie : : 200°0 577 154:0 270,000 317,000 
Hgg ; * -| 2000 546 230°0 420,000 317,000 
Hep : é : 200:0 436 1000 230,000 317,000 
ules : ; : 203°6 535 220:°0 | 400,000 322,000 


In order to show conclusively that the effect of density may he 
neglected in the foregoing observations, as well as to ascertain the law 
governing the broadening of spectral lines by pressure or density, a 
series of observations was made on the red hydrogen line at varying 
pressures, with the results shown in fig. 19a, Plate IV.' 

From these curves the following table was calculated :— 


Pressure in mm. 5 
90 128 - 

71 116 

47 “095 

23 ‘O71 

3 “056 

9 *053 

3 “050 

5 “048 


In fig. 19) the curved line gives the relation between 6 and i and 


shows clearly that when p is less than 5 mm. the effect of collisions 
has almost entirely ceased. If we take as variables 8 and p, the results 
agree very closely with the straight line 6—d)=kp, in which 8)='047 
(the ‘half-width’ of the line at zero pressure in the units adopted), 
k=:00093, and p is the pressure in millimetres.? : 

The same results were found for the blue hydrogen line, though, as 
might be expected, these were not so consistent. 

It thus appears that in the case of hydrogen—and probably in all 
other cases—the width of the spectral line diminishes towards a limit 
as the pressure diminishes, which depends upon the substance and its 
temperature; and that the excess of width over this limit is simply 
proportional to the pressure. 

In general, it may be said that under considerable ranges of tem- 
perature and pressure the character of the visibility curve remains the 


’ The numbers against the curves denote pressure in millimetres. 
* In the figure the numbers representing values of the abscissze for this line 
should be multiplied by 100. 
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same ; but it may be important to note that there are a number of excep- 
tions to this rule, among which the green mercury line and the yellow 
sodium line may be especially mentioned. 

Thus, fig. 20a, Plate IV., represents the visibility curve usually 
observed for the green mercury line, and fig. 20c represents that obtained 
when the vacuum is so high that the discharge passes with difficulty, 
while fig. 206 represents the intermediate stage. This last observation 
was obtained by placing the mercury in an atmosphere of hydrogen whose 
pressure could be measured by a McLeod gauge. 

It might be objected that the presence of a foreign substance might 
of itself affect the distribution of light in the source, and therefore the 
form of the curve. In order to test this point, a series of observations of 
the red hydrogen line was taken, while the tube contained liquid mercury, 
which was heated until the mercury spectrum was at least ten times as 
bright as that of the hydrogen. The character of the visibility curve was 
not perceptibly altered. 

In the same series of experiments it was found that, provided the 
pressure of the hydrogen remained constant, the effect of a change in 
temperature from 75° to 140° had no appreciable effect on the result. In 
this connection it may be mentioned that the character of the curve for 
the green mercury line was not essentially altered when, in place of 
metallic mercury, the nitrate, iodide, or the chloride was substituted, the 
only important effect being a diminution in the visibility in the order 
named. 

In the case of yellow sodium light it has already been mentioned that 
the character of the curve is more variable than that of any other line 
thus far examined. This is illustrated by the curves in fig. 2la and 
fig. 21b, Plate IV. It has not been possible thus far to devote the 
attention which a systematic investigation demands. These changes are 
very puzzling to trace, but undoubtedly much of the difficulty is due to 
the fact that the dispersion employed-was uot sufficient to permit the 
separate examination of the components. Still, there can be no doubt 
that the width of the lines, their distances apart, and their relative inten- 
sities vary rapidly with changes in temperature and pressure. 

In addition to the preceding investigations of visibility curves for 
light emanating from a rare gas or vapour in a vacuum tube the curves 
for sodium, thallium, and lithium, in the flame of a Bunsen burner, have 
been observed, and the results are given in fig. 22, Plate IV. The thal- 
lium and lithium lines are clearly double, the distance between the com- 
ponents of the former agreeing very well with the results obtained with 
the vacuum tube. 

These substances were brought into the flame in the ordinary way, 
and the results obtained were at least as good as when a finely divided 
solution was used according to the method of Gouy. It appears from 
these curves that the width of the line is about ten times as great as 
when the vacuum tube is used. But if the temperature of the flame be 
taken at 1500° C., and that in the vacuum tubes at 350°C., the lines 
should be only twice as broad in the former case as in the latter. It 
appears, then, that notwithstanding the small quantity of substance 
present (barely enough to colour the flame) the real density must be com- 
parable to that of the vapour of the substance boiling under atmospheric 
pressure. 

The principal object of the foregoing work is to illustrate the advan- 
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tages which may be expected from a study of the variations of clearness 
of interference fringes with increase in difference of path. The funda- 
mental principle by which the ‘structure’ of a line or group of lines is 
determined by this method is not essentially different from that of spec- 
trum analysis by the grating, both depending, in fact, on interference 
phenomena, but in consequence of the almost complete freedom from 
errors arising from defects in optical or mechanical parts, the method 
has extraordinary advantages for this special work. A glance at fig. 18, 
Plate III., will give a fair idea of the ‘resolving power’ of the method as 
compared with that of the grating. In order that the comparison be 
quite fair, however, it would be necessary to take for a comparison spec- 
trum that of the substances here used, and under the same conditions. 
With the best instrumental appliances now in use, it is difficult to ‘ re- 
solve’ lines as close together as the components of either of the yellow 
sodium lines. It is evident, however, that by Light-wave Analysis, if I 
may venture so to call the foregoing method, a tenth of this distance is 
obviously within the limit ; indeed, if the width of the lines themselves be 
less than their distance apart, there can be no limit. 


SUPPLEMENT. 


I. It has already been pointed out that in many cases it is difficult or 
impossible to decide between two or more distributions of lines which 
give very nearly the same visibility curve; and when there are many 
lines in the source, the combinations of intensities and arrangements of 
these from which a type may be selected are enormously great. Indeed, 
even when the number of lines is greater than three, excepting perhaps 
the cases where the lines may be in pairs (as in the case of yellow sodium 
light), the resulting visibility carve becomes so complex that it is very 
difficult to analyse. Doubtless in many cases where the components are 
not too close, the grating will give the information necessary for the in- 
vestigator to select the proper combination. 

It may readily be shown that the formula 


for the visibility curve due to a distribution of light, y=¢(z), is identical 
with that of the intensity curve at the focus of a telescope provided with 
apertures which produce this distribution in the light passing through. 
Accordingly, if a telescope be provided with apertures adjustable in 
width, or length, and distance apart, the diffraction image of a distant 
illuminated slit will give, at once, a representation of the whole visibility 
curve, and by adjustment of intensities and distances any particular 
visibility curve may be more or less accurately copied, thus furnishing a 
means of studying the relations between V and ¢(z#), which, while 
giving, perhaps only a rough approximation to the truth, may prove more 
convenient than analytical or graphical methods. 

II. One of the purposes which led to these investigations was the search 
for a radiation of sufficient homogeneity to serve as an ultimate standard 
of length. It will appear from the curves of cadmium that there are 
three lines which may be used for this purpose. The red cadmium line 
is almost ideally homogeneous, and will readily permit the estimation of 
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a change of phase in the interference fringes of one-hundredth of a fringe: 
in a total distance of 200 millimetres, or over 300,000 waves. 

Both the green and the blue lines are fairly well adapted for the pur- 
pose, and will prove very valuable as checks. Each of these, however, 
has a small companion, and it is necessary to know the effect of this in 
altering the phase of the interference bands. 

If & be the fraction of a wave by which the position of a minimum is 
shifted on account of the presence of the companion, a the number of 
‘periods’ in the difference of path, and x the ratio of the intensities, 
then 
rsin2ra | 


Ib — — . 
tan are 1+-7 cos 27ra 


Thus, if r=1/4, ¢ is a maximum when a is about 1/3, and for this 
we have, approximately, 
d=—'04. 

This is the largest correction to be applied, and is negative if the 
brighter line has the greater wave-length. It is theoretically possible by 
this means to determine, in case of an unequal double or a line unsym- 
metrically broadened, whether the brighter side is toward the blue or the 
red end of the spectrum. 

III. It has been argued that, even if all practical difficulties in making 
large gratings could be removed, nothing further could be gained in 
resolution of groups of spectral lines on account of the real width of the 
lines themiselves, caused by the lack of homogeneity in the radiations 
which produce them. The results of the preceding investigations show 
that, while this is very far from being true with present gratings, such a 
limit undoubtedly exists. The accordance between the measured widths 
of eighteen lines shows further that this broadening of lines in a rare gas 
can be fully accounted for by the application of Doppler’s principle to the 
motion of the vibrating atoms in the line of sight, and, indeed, furnishes 
what may be considered one of the most direct proofs of the kinetic 
theory of gases. 

The form of the ultimate components of all the groups of lines thus 
far examined is found to agree fairly well with an exponential curve, 

(«)=e-**, which shows that the distribution of velocities cannot vary 
widely from that demanded by Maxwell’s theory. 

If the limit abovementioned were due solely to the motion of the 
molecule, and the radiating substance could be rendered luminous while 
its temperature was very low, it might be possible to observe interference 
phenomena with a difference of path of many metres. But it must be 
considered that, since every vibrating molecule is communicating its 
energy to the ether in the form of light waves, its vibrations must 
diminish in amplitude; consequently the train of waves is no longer homo- 
geneous, even though the vibrations remain absolutely isochronous, and 
the result is a broadening of the line and limitation of the difference of 


path at which interference is visible. 


1 See Phil. Mag., April 1891, p. 345. (The value of 7 is the reciprocal of that 
here used.) 
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Fourth Report of the Cominittee, consisting of Professor W. C. 
RoBERTS-AUSTEN (Chairman), Sir F. ABEL, Mr. E. Riney, and 
Mr. J. SPILLER, Professor J. W. LancLry, Mr. G. J. SNELUs, 
Professor TILDEN, and Mr. THomas TuRNER (Secretary), appointed 
to consider the best method of establishing an International 
Standard for the Analysis of Iron and Steel. (Drawn wp by 
the Secretary. ) 


In the previous report of this committee it was mentioned that four 
out of the five proposed international standards had been prepared and 
distributed as previously arranged, and that the work of the British 
analysts was practically completed. During the past year a meeting of 
the British analysts has been held, and the analytical results have been 
discussed. It was found that the agreement among these numbers was 
good, more particularly so in view of the relatively small quantity of 
material which could be supplied to each analyst, and it was decided to 
publish an account of the work of the British chemists so far as the 
investigation has proceeded. This intention was communicated to 
Professor Langley, as representing the American Committee, and received 
his cordial approval. The results now communicated have therefore to 
do only with the work of the British analysts and with the standards 
Nos. 1, 2, 3, and 4. 
It will be remembered that the analysts entrusted with the investiga, 
tion in this country were as follows :— 


Mr. A. H. Allen : : E Sheffield, 

» W. Jenkins F 2 3 Dowlais, 

» G.S. Packer : : . Glasgow, 

» J. Pattinson i : : Newcastle-on-Tyne, 
» HH. Riley j . 5 London, 

» J. H. Stead Middlesbrough, 


and the Royal School of Mines, London. 


Complete reports have been received from Messrs. Jenkins, Packer, 
Pattinson, Riley, and Stead, while Mr. Allen, who was prevented by 
other engagements from completely analysing the samples sent to him, 
has forwarded a report on the determination of sulphur in iron and 
steel. 

Unfortunately, the analyst attached to the Royal School of Mines has 
suffered from a long and serious illness, and his results have not been 
completed. It has therefore been decided to dispense with his report, 
and for the present the Royal School of Mines is represented by the 
work of Mr. E. Riley, whose reputation as an analyst is so well known 
and recognised. 

The report received from Mr. W. Jenkins gave the following values 
as the results of his analyses :— 


— Cis lek Ste inl eS P.. Seine 
Standard No. 1 . 1:43 ‘260 | 010 02 26 
oo eae 82 200 = 008 02 14 
5s) Mepis 55 144 | 015 02 13 

” ee sald Le 165 “008 ee 
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These results agree very fairly well with those of the other analysts, 
with the exception of the carbon in Standard 3, which is 0:09 per cent. 
higher than any of the other analysts returned. Unfortunately, Mr. 
Jenkins, after a prolonged period of ill-health, died in May last, and hence 
no check determination has been performed in this case. The Committee 
desire to record their regret at the loss of an analyst who was so 
courteous, so skilful, and so much respected. No account has been 
received of the methods used by Mr. Jenkins, except references in a letter 
to the Secretary, which indicate that the silicon was determined by the 
sulphuric acid method, and checked by the use of nitric and sulphuric 
acids—the sulphur by an evolution process, and the manganese by an 
acetate separation and precipitation by bromine. The phosphorus was 
weighed as phospho-molybdate. 
The results obtained by Mr. Packer were as follows :— 


= c SN che hp BS (ae 

Standard No. 1 . 144 | 28 | traces ‘017 ‘267 

Riis 2 “85 194 | traces 012 | “144 

- Siar Ours “46 | 14 traces ‘022 ees) 
4, 


‘146 | 008 036 ‘08 | 13 


The methods employed by Mr. Packer were as follows :— 

Carbon.—1. Ordinary colour test on 0-1 gram of steel. 

2. Separation of carbonaceous matter by ammonio-chloride of copper 
and subsequent oxidation of the carbon by means of sulphuric and 
chromic acids ; collecting and weighing the CO, in potash bulbs in the 
usual manner. 

Silicon.—Oxidation of the steel by nitric acid, evaporation to dryness, 
and ignition ; redissolving in hydrochloric acid, filtering, and weighing 
the insoluble silica. The purity of the silica was tested by evaporating 
with hydrofluoric acid ; any residue was weighed and suitable allowance 
made. , 

Sulphur.—The steel was dissolved in hydrochloric acid, and the 
evolved gases passed into a solution of copper sulphate ; the precipitated 
sulphide was filtered and weighed after ignition as oxide or sulphide (or 
mixed oxide and sulphide) of copper. 

Phosphorus.—The filtrate from the determination of silicon was 
evaporated to a small bulk and transferred to a flask, ammonia was then 
added till a slight permanent precipitate was produced. Ten cubic centi- 
metres of an aqueous 8 per cent. solution of ammonium molybdate was 
added and nitric acid to decidedly acid reaction. The solution was 
digested till clear, filtered, the precipitate washed with dilute nitric acid, 
and finally with water ; it was then washed on to a weighed watch glass, 
dried, and weighed. 

Manganese.—The steel was dissolved in nitric acid with the addition 
of hydrochloric acid, and the iron precipitated by addition of acetate of 
ammonia and boiling. The manganese was precipitated in the filtrate 
ae ee of bromine and ammonia and weighed after ignition as 

N3U4. 
The report of Mr. Pattinson supplied the numbers which follow :— 
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hin-« on ety Si S | P Mn 
Standard No, 1-- 1393 «| 271 trace | 019 263 
a i 3 ‘802 | 182 007 O12 145 

i 3 461 | “140 trace | 022 ‘158 

e 4 | ‘O75 130 


142 


“009 040 


The following is an outline of the methods adopted by Mr. Pattinson :— 

Carbon.—The sample was dissolved in a solution of double chloride of 
copper and ammonium, filtered through asbestos, and the residue well 
washed and burnt in oxygen. The double chloride used was proved to be 
free from carbonaceous matter. 

Silicon—The sample was dissolved in hydrochloric acid, evaporated 
to dryness, and the residue dissolved in hydrochloric acid and hot water. 
After filtration and washing, the silica was ignited and weighed ; its 
purity was tested by treatment with hydrofluoric acid and due allowance 
made for any residue. 

Sulphur.—1. The sample was dissolved in hydrochloric acid and the 
evolved gases passed into an ammoniacal solution of cadmium chloride. 
The precipitated cadmium sulphide was dissolved in the beaker by the 
addition of bromine water and acidification with hydrochloric acid, and 
the sulphur precipitated as BaSO,. 

2. The drillings were dissolved in nitric acid, and the solution evapo- 
rated to dryness with addition of hydrochloric acid, redissolved in hydro- 
chloric acid and water, filtered, and the sulphur precipitated as BaSO,. 


Manganese.—1, Estimated gravimetrically by the ammonium acetate. 


and bromine process. The precipitate after ignition was weighed as. 
Mn;0,, and the impurities carried down with the precipitate were deter- 
mined, and the necessary correction made. 

2. Also estimated volumetrically by the process described by Mr. 
Pattinson (‘ Trans. Chem. Soe.,’ 1879, p. 365). 

Phasphorus.—The sample was dissolved in nitric acid and evaporated 
to dryness after the addition of hydrochloric acid. The residue was 
redissolved in hydrochloric acid, filtered, and the filtrate treated with 
metallic zinc, free from phosphorus, in order to eliminate arsenic and 
reduce the iron to the ferrous condition. The solution was then boiled, 
a few drops of ferric chloride added, and the phosphorus precipitated in 
combination with iron by addition of ammonia and acetate of ammonia. 
The precipitate was separated by filtration, dissolved in nitric acid, the 
phosphorus precipitated by ammonium molybdate and weighed as. 
ammonium phospho-imolybdate. 

The analytical results obtained by Mr. E. Riley are as follows :— 


—_ C Si s P Mn 
Standard No, 1 . 1-387 250. | 004 017 278 
Raia) ih i eam ¥ 192 007 012 140 
” Se oD “456 153 traces “016 144 

es ae 147 008 041 081 124 


The following is a brief outline of the methods of analysis adopted by 
Mr. Riley in these determinations :— 


Carbon.—By solution of the sample in sodium copper chloride and) 
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combustion of the carbonaceous residue in a stream of oxygen. Cupric 
chloride was first prepared by roasting copper scale in a mufile, dissolving 
in pure hydrochloric acid, and passing chlorine into the solution to 
convert the whole into the cupric condition. To a concentrated solution 
of the cupric chloride so prepared, 10 per cent. of sodium chloride 
was added, and the solution so obtained, which is distinctly acid, is 
employed for dissolving the steel. The separated carbon was collected 
on an asbestos filter, and burned in a glass tube with pure recently 
ignited oxide of copper. 

Sulphur and Phosphorus.—The steel was oxidised by pure uitric acid 
(sp. gr. 1:40), redistilled in Mr. Riley’s laboratory, evaporated to 
dryness, heated, dissolved in pure hydrochloric acid (also redistilled in 
the laboratory), and the silica separated; the excess of hydrochloric acid 
evaporated off until only just sufficient acid was left to keep the iron in 
solution. The sulphur was precipitated by barium chloride, allowed to 
stand twenty-four hours, and weighed as BaSO,. The filtrate from the 
determination of sulphur was reduced by addition of sulphide of sodium, 
the precipitated barium sulphate was filtered off, and the phosphorus 
precipitated as basic perphosphate of iron by boiling with ammonium 
acetate. If there is not sufficient ferric oxide present, a little bromine is 
added. The precipitate is dissolved in hydrochloric acid, citric acid is 
added, then excess of ammonia and a small quantity of ‘magnesia mix- 
ture.’ After standing twenty-four hours the precipitate is filtered off and 
weighed as Mg,P.0O,. 

Manganese-—The iron was separated as basic ferric acetate, the 
manganese precipitated by bromine and weighed as Mn,QO,. 

Silicon.—The silica separated in the determination of sulphur and 
phosphorus was washed, ignited, and weighed ; it was afterwards treated 
with hydrofluoric acid and any residue weighed and deducted. 

Mr. Stead reported as follows :— 


a | © | Si S | P Mn 
Bample'No.1 9. - .| 1-419 252 007 016 299 
Eee 2. | +796 186 | -007 012 ‘137 
Sy sah |e) ABB 130 | 008 024 ‘161 
ser 154 009 | 040 075 137 


Mr. Stead has supplied the following brief outline of the methods he 
adopted, and which are almost identical with those employed by Mr. 
Pattinson :— 

Carbon.—The sample was dissolved in double chloride of copper and 
potassium, the carbon separated by filtration through asbestos, and after 
careful washing burned in a porcelain tube with copper oxide in air or 
oxygen. 

Silicon.—By solution in hydrochloric acid, evaporation to dryness, 
and strongly heating; redissolving in hydrochloric acid and water, 
filtering and weighing as SiQ,. 

Sulphur.—This was determined both by oxidation with aqua regia 
and also by the evolution method; no further details were supplied. 

Phosphorus was precipitated and weighed as phospho-molybdate of 
ammonia. 

Manganese was estimated by the acctate and bromine gravimetric 
process, and also by Pattinson’s volumetric r-sthod. 
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Mean of the Analytical Results—If it be assumed that all the results 
previously given are of equal value, and that the proportion of sulphur 
returned as ‘ traces’ does not exceed ‘005 per cent., the following figures 
give the composition of Standards 1, 2, 3, and 4 as deduced from the 
analyses by the five chemists from whom reports have been received':— 


—— No. 1 ne 2 No. 3 No. 4 

Con = See ee) 14l4 =| BIG 476 ‘151 
Silicon . : 263 “191 141 ‘008 
Sulphnr, not more than . 006 007 008 039 
Phosphorus. : : 018 014 021 ‘078 
| Manganese .  . 259 ‘141 ‘145 130 


It is, however, probable that, as a doubtful result is included among 
the carbon determinations in Standard No. 3, this mean value is about 
02 per cent. too high, and should be about °456 per cent. 

When it is remembered that each analyst employed the methods of 
analysis which he individually preferred, it must be acknowledged that 
the agreement in the results is closer than might have been anticipated, 
as it is well known that certain methods for which one analyst has a 
marked preference are distrusted by other experimenters. This appears 
to show that methods which are unsatisfactory, or even incorrect, in the 
hands of one analyst may, with slight modifications, give excellent results 
with another operator. In such determinations we have to deal, not only 
with the inherent accuracy or inaccuracy of the process itself, but also 
with the manipulative and analytical skill of the operator, derived from 
long experience in the use of the process he adopts. 

The proportion of sulphur present in the Standards Nos. 1, 2, and 3 is 
very small, being less than 0°01 per cent. It is noticed that in many 
cases the amount of sulphur present in American pig irons and steels is 
less than is usually found in British samples, and it would be interesting, 
if possible, to determine the cause of this difference. 

All the samples were tested for chromium, but in no case was the 
presence of this element detected. 

Standard No. 5 has been prepared during the past winter by Mr. 
J. E. Stead at Middlesbrough, and the Committee desire to acknowledge 
the importance of the assistance which Mr. Stead has thus rendered. 
The American and British Committees have already been supplied with 
their portions of the standard thus prepared, and the remaining portions 
of the standard will be distributed as soon as possible. It is hoped that 
the analyses will be completed, so as to allow of a final report at the next 
meeting of the Association. 

The American Committee has nearly completed its work on Standards 
1, 2, 3, and 4, and it is proposed to publish the results in a few months. 
These results have not yet been revised for publication, but on the whole 
it is believed that a close agreement will be noticed between the work of 
the British and American Committees. 

The German Committee has devoted much attention to the study of 
methods of analysis in connection with the international standards, but 
the results are not yet ready for publication. No report has been received 
at present from the French and Swedish Committees. 


—————— 
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Siath Report of the Committee, consisting of Professor W. A. 
TILDEN and Professor H. E. ARMSTRONG (Secretary), appointed 
for the purpose of investigating Isomeric Naphthalene Deriva- 
tives. (Drawn up by Professor ARMSTRONG. ) 


Iv was stated in the last report that Mr. Rossiter and the writer had 
devoted much time to the study of the dibromonaphthalenes, but that the 
results were not sufficiently complete to render their publication desirable ; 
an account of the work contemplated in this passage was communicated 
to the Chemical Society late in the year (cf. ‘C.S. Proceedings,’ 1891, 
. 182). 

‘ In sie communication data were given which suffice to characterise 
and differentiate jive of the isomeric dibromonaphthalenes, 7.e., the 1 : 4, 
1:4, 1:3, 1: 2’, and 1: 3’ modifications. The action of bromine on 
a- and $-dibromonaphthalene was also described, and the nature of the 
complex product formed on di-brominating naphthalene, which has occu- 
pied the attention of so many observers, was finally determined, it being 
shown to consist of 1:4 dibromonaphthalene (m.p. 82-83°) mixed 
with the 1 : 4’ isomeride (m.p. 132°). A ; 

When naphthalene is dibrominated, 1 : 4 dibromonaphthalene is the 
major product, so much so that this modification crystallises out in an 
almost pure state from the solution of the erude product in alcohol. It 
has been stated by Darmstaedter and Wichelhaus that when naphthalene- 
a-sulphonic acid is brominated a product is obtained which on crystal- 
lisation from alcohol first affords 1 : 4’ dibromonaphthalene, the remainder 
of the product melting at 68-70°, and resembling that obtained from 
naphthalene. It therefore seemed probable that, whereas naphthalene 
yields chiefly 1 : 4 dibromonaphthalene, the a-sulphonic acid yields chiefly 
the 1 : 4’ derivative, and that consequently the acid radicle exercises a 
marked influence in determining the entrance of bromine into the un- 
substituted nucleus (cf. Report for 1886), an influence much greater 
than that of bromine towards sulphuric acid, as bromonaphthalene yields 
little but the 1 : 4 acid when sulphonated. Darmstaedter and Wichelhaus’ 
experiments have been repeated by the writer, and the accuracy of this 
conclusion confirmed; a very considerable amount of 1 : 4’ bromosul- 
phonic acid is formed on brominating naphthalene-sulphonic acid, 1 : 4 
dibromonaphthalene being quite a minor product. 

On comparing the dibromo-products obtained from naphthalene with 
the dichloro-products, an unusual divergence is apparent ; there can be 
no doubt, however, that this is attributable to the extreme instability of 
bromine addition compounds of naphthalene. The dichloronaphthalenes 
are, in fact, products of the withdrawal of 2HCl from the tetrachloride, 


_while the dibromonaphthalenes are products of the action of bromine on 


bromonaphthalene, and hence it is that the 1 : 3 modification, which is 
the chief product of chlorination, is absent from the product of bromination. 
When the conditions are similar the difference in behaviour of naphtha- 
lene towards chlorine and bromine is of the ordinary character, and such 
as was to be expected ; thus when a-chloronaphthalene is chlorinated by 
means of SO,Cl, at such a temperature (100-180°) as to prevent the 
persistence of an addition compound, it yields pure 1 : 4 dichloronaph- 
thalene and no trace of the 1 : 3 isomeride, which is the principal pro- 
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duct of the hydrolysis of naphthalene tetrachloride. $-Chloronaphthalene 
in like manner yields a mixture of the 1 : 2 and 1: 2’ derivatives. The 
results of a series of experiments on the formation of chlorinated naph- 
. thalenes at high temperatures by means of SO,Cl, and similar chlorinating 
agents which the writer and Dr. Wynne are engaged in carrying out 
will be given on a subsequent occasion ; they desire, however, here to 
recognise the assistance which they have received from Mr. Jenks. 

Finally, it may be mentioned that Mr. Rossiter and the writer, having 
repeated Meldola’s experiments on the bromonitronaphthylamines, have 
been led to interpret this author’s results in a manner somewhat different 
from that originally adopted by him, but in accordance with the results 
of more modern enquiries (cf. ‘C.S. Proceedings,’ 1891, p. 186; Meldola, 
‘C.S. Trans.,’ 1892, p. 766). 

A comprehensive survey of the very numerous recorded facts shows 
that the ‘laws of substitution’ in the naphthalene series are in the 
main easy to decipher, and pervaded by a few very simple principles. 
The writer and Dr. Wynne hope during the coming year to discuss these 
in a comprehensive memoir, dealing with the investigation which they 
have conjointly carried on now during over six years. It is perhaps not 
undesirable to state that no single fact has yet been recorded serving to 
support the view advocated by Claus, that the structure of naphthalene 
is unsymmetrical. Whatever its exact inner structure may be, the two 
nuclei of naphthalene must be represented alike. 


Fourth Report of Commnvittee, consisting of Professor H. M*‘LEop, 
Mr. W. C. Roperts-AustEn (Secretary), Professor A. W. REINOLD, 
and Mr. H. G. Manan, appointed for continuing the Biblio- 
graphy of Spectroscopy. 

Tuer collection of titles of spectroscopic papers has been continued 

during the year, but as Mr. Madan is not now residing in Oxford, he has 

not been able to verify all the references. 

Mr. Nagel has undertaken some portion of the work, and he is pro- 
posed as a member of the Committee in place of Professor Reinold, who 
wishes to retire. 


Report of the Convmittee, consisting of Dr. W. J. RUSSELL, Professor 
W. N. Hartiey, Professor W. Ramsay, Captain W. DE W. ABNEY, 
and Dr. A. Ricnarpson, appointed for the investigation of the 
Action of Light on the Hydracids of the Halogens in presence 
of Oxygen. 


A LARGE amount of work has been done during the past year, but the 
Committee feel that the results obtained cannot at this stage be profitably 
laid before the Section. They hope, however, to be able to present a 
detailed report to the Association at the next meeting. 


| 
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Report of the Committee, consisting of Sir H. E. Roscor, Dr. 


MarsuaLt Watts, Mr. J. N. Lockyer, Professors Dewar, 
Liveine, ScuusTerR, W. N. Hartiey, and Woicorr Gipps, and 
Captain ABNEY, on Wave-length Tables of the Spectra of the 


Elements and Compounds. 


Warts. ) 


LItHIvm. 


Kayser and Runge (‘ Ueber die Spectren der Elemente.’ 


(Drawn wp by Dr. MarsHAL 


Berlin, 1890). 


: 
| 
{ 
| 


Reduction to 
3 Vacuu athe 
th Limit of ee Previous Measurements e spe 
s ostro requency 
(Rowland) perce Character Ga) Rebs | Ne in Vacuo 
ar 
| = 
6708°2 0:2 10sr 67067 Thalén | 1-96 4-4 14902°7 
6103°77 0:03 10sr 61022 ,, 180 4:8 16378°5 
4972-11 01 6bn | 4971-2 ,, 1:47 59 20106°3 
4602°37 O1 10sr 46022, 1:37 65 21721-4 
4273-44 0-2 4n 4273°3 ,, 1:28 70 23393°3 
4132-44 0:2 8nr | 4131-7 Liveing & Dewar = 1:24 72 24191°6 
398594 0:2 2n 3984S , “ 1:20 76 25080°6 
3915°2 0:2 6nr | 3913°5 , 1:18 (Ol 25533°8 
3838-3 3:0 In 3838°? . | 1°15 78 26045-4 
3794-9 5:0 4n 3799°0 Rs 1:14 79 26343°3 
3718-9 5:0 2n 1-12 8-1 26881°5 
3670°6 50 In ical 8:2 27235°3 
3232-77 0:03 8sr 3232-0 f 0-99 9°5 30923°7 
2741°39 0:03 6sr 2741-0 = 0-85 | 11:4 36466°4 
2562-60 0:03 4sr 2567°5 F 0°80 | 12:3 39010 6 
2475:13 01 4sr | 2475-0 5 O78 | 12:7 40389-2 
2425°55 01 2sr 2425°5 Ay O77 | 131 41214-7 
2394-54 0-2 Isr 2394°5 i | O76 | 13-2 41748°5 
*(2373'9) 2373°5 eS 0-75 | 13:4 42111-4 
*(2359°4) 2359-0 ts 0-75 | 13:5 | 42370-2 
Sopium. 


Kayser and Runge (‘ Ueber die Spectren der Elemente.’ Berlin, 1890). 


| Reduction to 


; Inten- Fraunhofer Vv m 
Wave-length | Limit ae Previous Lines in fore Oscillation 
(Rowland) of Ch ae Measurements Rowland’s 1 Frequency 
rror ane 3 (Angstrém) Map A+ oF in Vacuo 
*(8200°3) 8199 Abney absent 2 2 12197 2 
*(8188-3) 8187s, absent 12215 7 
eal 01 8n | 6160°2 Thalén | 6161°50? | 1°81 4:8 Byes 
6154-62 8n | 6154-4 a 6154-49 ? 9 ” 162422 
5896°16 10sr | 5895713, 5896- D. 174 | 5:0 { 16955°2 
5890-19 t 10sr | 5889712 __s,, 5890°19 ,, A + 16972-4 
5688°26 0-15 8n | 5687°3 _ 5688-42 7 | 1°68 5:2 ee 
5682-90 } 8n | 5681°5 5682°58 2 ” ” 17587°4 
5675:92 O-15 2n | 5674-4 ) 5675°90 2? | 1:67 “= { 17613°1 
5670°40 } 2n | 5668:0 oh absent a + 17630°2 
1892. ) 
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REPORT—1892. 


SopiumM—continued. 


Wave-length Limit 


(Rowland) 


5153-72 


5149-19 
4983°53 
4979-30 } 


2543°85 
2512:23 


* Lines within brackets not measured by Kayser and Runge. 


Inten- 
sity Previous 
of and Measurements 
Error | Cha- (Angstrém) 
racter 
0-1 6n | 5155-0 Thalén 
6n | 5152°7 .; 

‘ 6n | 4983°3 

O2 | 6n | 49820 = 
4980°5 L. & D. 

; 4n | 47514 ,, 
OT Nan | 47475 |, 

, 4n | 4667°5 ,, 
oe 4n | 46637 ,, 

: Qn | 45436 ,, 
2 2n | 4540°7  ,, 

: 2n | 44964 ,, 
r~ 2n | 4494:5 ,, 

44230, 
44195 ,, 
4393 a 
4390 Mi 
4343, 
4325 _ 

: 8r | 3301:2 Cornu 
pe 8r 3308°8_,, 
0:05 6r 2853°3 L. & D. 
01 4r 2679°0__—s«y, 
O1 | 2r | 2593-3 ,, 
01 Ir 
0-2 Ir 


Reduction 
Fraunhofer! to Vacuum 
Lines in | z 

Rowena , 1 
ap A+ Xr 

5153°60 ? | 1°53 58 

5149-29 ? 35 - 

4983'71? | 1:48 5:9 

4979-41 ? ip Pe 

4752°30? | 1°41 6-2 

474836 2? a * 

4669°47 2? | 1°39 6-4 

| 466532 ? 35 - 

454610? | 1:35 65 

absent - s 

2 | 1:34 6:0 

2 ” ” 

Pl 1-32 67 

q ” ” 

Test 68 

1 ” ” 

Lealet-3O 6:9 

2 | 1:29 * 

3303:07 1:01 9°3 

3302°47 os 5 

0°88 |10°9 

0°84 |11°6 

0-81 |12°1 

0°80 |12°4 

0:79 | 12°5 


Oscillation 
Frequency 
in Vacuo 


{ 193977 


19414°7 
20060°2 
{ 20077-2 


39298'1 
39792°8 


PorassiuM. 


Kayser and Runge (‘ Ueber die Spectren der Elemente.’ Berlin, 1890). 


pay ener a 
| land) | _© 
(Rowlan ) Biss 
7699°3 
7665-6 } | 50 
6938'8 0-5 
6911-2 05 
se) 
5812-54 
5802-01 | 0:05 
5782-67 
Bao aS) 
5343-35 
B3tong( | O15 
5323-55) 


| Reduction 
pres | 2 Fraunhofer to Vacuum 
and Previous Linesin |__ 

Ghat Measurements Rowland’s 1 
Ma iS 

racter P Na wel | a 
10nr |7696°5 Deslandres} absent 2:2 37 
10nr |7663-2 5 sf 2:2 3-7 
8 6946 L. de B.* Fe 2°03 4°2 
8 6913 Aj a 2:02 | 43 
4n |5831 i 3 1°72 5-1 
2n |5812 53 9 171 ta | 
6n /[5802°1 Thalén Fy Prat 51 
6n (|5782°6  ,, 43 1:70 | 51 
4n |5353°6 ,, 3 1-59 55 
2n |5338°6 ,, SS 1:58 56 
4n 53345 L. & D.f Py; 158 56 
4n (5322-6 Thalén * 1-57 | 5:6 


Oscillation 
Frequency 
in Vacuo 


12984:5 
13041°5 
14407°5 
144651 
17141:0 
17199-1 
17230°3 
17288°0 
18651°6 
187092 
18720°7 
187789 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 195 
POTASSIUM—continued. 
Inten- Reduction to 

pear Ne aes Fraunhofer Vs Teas 

Wave-length | peat | a, retinas iiiein | acuum Orta | 

(Rowland) | tae | Cha- Measurements ee s é Ae ane acon| 

racter | : esx 

5112°68 2n |5112 L.deB. absent | 1:51 | 5:8 19553-4 | 
509964 0-29 | 22 [5098 L. & D. 2 1:51 | 5:8 | 19603:4 
5097-75 = In [5095 L.deB 2 1:51 | 58 | 19610:7 
5084:49 2n (5081 + 2 151 | 5:8 19661°9 
4965°5 In |4963 sf 1:47 | 60 | 20133-0 
4956'8 10 In |4956 L. & D. F 1:47 | 60 | 201683 
4952°2 In |4950 1:47 | 60 | 20187-0 
4943-1 In |4942 1:47 | 60 | 20224-2 
(48708) 4870 1:44] 61 | 205261 
(4863°8) | 4863 1:44] 61 | 20555°6 
apes s)| 4856 1:44] 61 | 20585:3 
(4850°8) 4850 1:44] 61 20610°8 
(4808°8) 4808 1:43 | 62 | 207907 
(4803'8)] | 4803 1:43 | 62 | 20812-4 
(4796°8) 4796 "1:42 | 62 | 20842°8 
(4788°8) 4788 1:42 | 62 | 20877-6 
(4759°8) 4759 1-41 | 62 | 21004:8 
4047°36 0-03 | 6t [4045 i absent | 1:21 | 7:4 | 2470071 
4044-29 8r 4042 = fs 1:21] 74 | 247188 
cD} 0-03 | SF .|34450 2 1:05 | 8:8 |- 28997°8 
344649 8r |3443°6 ,, 2 1:05 | 88 | 29006-2 
3217-76 , 4r) | : 0-98 | 9:5 | 31068-0 
3017-27} | 003 | grt 82165» 0-98 | 9:5 | 310727 
3102°37 ; 2r ] 0:95 | 9:9 | 32223°5 
3102-15} | 9! | 4} 31010» 0-95 | 9:9 | 32995:8 
3034-94. 01 4r |3033:0 _,, 0:93 | 16:1 | 32939-5 
2992°33 015 | 2r |29920 ,, 0:92 | 10:3 | 33408°5 
2963°36 0-2 Ir |29634 ,, 0:91 | 10-4 | 33735°8 
2942°8 1:0 Ir |2942:0  ,, 0:91 | 10:5 | 33970°8 


* L. de B. = Lecog de Boisbaudran. 


+ L. & D.=Liveing and Dewar. 


RUBIDIUM. 


” 


Kayser and Runge (‘ Ueber die Spectren der Elemente,’ Pt. III. 5. Berlin, 1890). 


Reduction to 

Wave- | Limit | Intensity Previous Fraunhofer) Vacuum | (geillation 

; length of and Measurements Bhan in Frequency 

; (Rowland) | Error |Character| (Angstrém) tae Pat x + | 4L | in Vaeuo 

A 

| 7950: 5:0 10br 7951:0 L. de B.| absent 2°3 36 125750 

t 7811: 50 | 10br | 78000 __,, A 23 | 3:8 | 127997 
6298-7 0-2 4n 6296-7 Thalén | ? 6298-65 | 1:85 46 15871°7 
62067 | 0-2 4n | 62042 ,, absent | 1:83 | 47 | 161069 
61598 | 0-2 In | 61602 ; ‘ 181 | 4:8 | 16229°%5 
60712 | 0-2 2 | 60702 .. a 179 | 49 | 16466°3 
5724-41 0-15 6n 5724-0 L. de B = HEGOE Ie bez 17464°8 
5654°22 0-15 2n 5650-0 2? 5654°10 | 1:67 5:2 17680°7 
5648-718 015 4n \ 3 absent 1:67 52 17699°6 
6431°83 015 2n 5429°0 F 161 | 5:4 | 18405°6 


02 


196 REPORT— 1892, 
RUBIDIUM—continued. 
/ Be Reduction to | 
| Wave- Limit Intensity Previous tithes pai iy acaa Oscillation 
length | of | and Measurements Rowland’s | Frequency 
| (Rowland) | Error Character (Angstrém ) Map A+ aie in Vacuo 
536294 | 0:2 2n 5359-0 L, de B.| ? 5362°96 | 1:59 | 5:5 18641:0 
(5259°8) 6259:0' 1 |;, 156 | 56 19006°5 
| (5194°8) 5194:0 _ 54) bi 19244°3 
(5161°8) 5161-0 £ 1°53 Dan 19367°4 
(5085°8) 5085°0 a 151 58 19656'8 
| (5021°8) 5021:0 ‘s 1:49 si) 19907°3 
4215-72 | 0:03 6r 4216°0 ay absent 1°26 Zi 23713°6 
4201:98 | 0:03 8r 4202°0 + 6 1-26 71 23791°2 
| 3591-74 | 0:05 4r 2 3591°63 | 1:09 | 85 27833-2 
3587-23 | 0:05 6r | 2 1:09' | 8:5 27868-2 
3351:03 | 0°05 2r ? 3351-03 | 1:02 | 91 29832-2 
3348°86 | 0:05 4r ? 3348°80 | 1:02 | 91 29851°8 
C#sIuUM. 
Kayser and Runge (‘ Ueber die Spectren der Elemente.’ Berlin, 1890). 
Reduction to 
Wave- Limit | Intensity Previous F sanhote Vacuum Oscillation 
length of and © Measurements R wland? Frequency 
(Rowland) | Error |Character (Angstrém) Oras e 1 in Vacuo 
Map A+ \. 
6973°9 5:0 6n 6975:0 L. de B. absent 2:0 41 14335:1 
6723-6 5:0 8n 67230 sy, 5 Lov | 23 14868°7 
6213-4 05 2n G219'0 ass 5 1:83 4°7 16089°5 
6010°6 0:3 4n 6007:0 x Ps Lae | 4:9 16632°4 
5845°1 05 4n 5850-0 a ? 5845°2 1:72 | 5:0 17103°3 
5664-0 0°5 6n 5662°0 ty ? 6664°25 | 167 | 5:2 17650-2 
5635°1 0-5 4n BERL absent 166 | 5:2 17740°7 
5579°3 05 In 55720 33 on 165 | 5:3 17918°1 
| (55019) 5501-0 S 163 | 5:4 18170'1 
5465'8 O1 2n 54640 5 a 1°62 | 5:4 18290'1 
(5410°9) 5410°0 - 160 | 55 184757 
| (5345°9) 5345°0 5 1:58 | 5:6 18700°3 
(5310°8) 5310°0 > 1b7 | 56 188240 
| (52578) 52570 * 156 | 56 19013°8 
| 4593°34 | 0:05 6r 4592-2 Lockyer | ? 4593-31 | 1:37 | 6°5 217642 
4555744 | 0°05 8r 45549 ‘s absent 1:35 | 6:5 21945°3 
| 8888°83 | O-1 4r ATs | ean 25707-0 
387673 | O-1 6r HEA PEG 25787°2 
3617-08 | 0:3 2r 109 | 8&4 27638°2 
3611°84 | 0-2 4r 109 | 84 27678°3 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 


Magnesium. 


Kayser and Runge (‘ Ueber die Spectren der Elemente,’ Pt. IV, Berlin, 1891). 
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Wave- 
length 
(Rowland) 


5711-56 
5528-75 

f 518384 
5172:87 
5167:55 
4730°42 
4703-33 
4571°33 
4352-18 
4167°81 
4058-45 
3987-08 
3838'44 
3832°46 

| 3829:51 
3336°83 
333228 
3330-08 
3097-06 
ane 
3091:18 
2949-21 
127 
2936-99 
2936-61 
2928-74 
2915-57 
2852-22 
{2siess 
2846-91 
2802-80 
2798-07 
2795-63 
2790:88 
2783-08 
2781:53 
2779:94 
2778-36 
{2776-80 
276857 
2765°47 
2736:84 
2733°80 
2739°35 
2698°44 
{2iae 
2693-97 


Limit | Intensity 
of and 
Error |Character 

0°15 2 
0:10 6 
0:03 | 10r 3f 
0:03 | 10r 3t 
0:03 8r  3t 
0:25 In 
0:05 8n 
0:05 4 
0:05 8n 
0:10 In 
1:00 2n 
1:00 2n 
0:03 | 10r 4* 
0-03 | 10r 4* 
0:03 | 10r 4* 
0-03 | 16n? 4+ 
0:03 8n 4t 
0:03 8n 4+ 
0:03 | 10r 5* 
0:03 8r 5* 
0:03 8r 5* 
0:03 8n 5+ 
0:03 6n 5t 
0:03 4n 5t 
0:05 4 
0:05 4 
0:05 4 
0:03 | 10nr 6* 
0°15 4n 6* 
016 4n 6* 
0:03 | 10r 
0:03 4 
0-03 | 10r 
0:03 4 
0:03 8r 
0:03 8r 6f 
0:03 | 10r 
0:03 8r 6f 
0:03 8r 6t 
015 4n 
0-15 4n 
0-15 gn 7* 
015 2n 7* 
0-15 2n_ 7* 
0°15 2n Tt 
0-15 2n Tt 
0715 2n 7T 


Previous 
Measurements 
(Angstr6ém) 


5710-7 L. 
5527-4 
5183:0 
5172°0 
5167-0 


4703°5 
4570°5 
4351-2 
4166:0 
4057°3 


3837:9 H. & 


3832-1 
3829°2 
3336°2 
3331'8 
3329°1 
3096°2 
3091°9 
3089:9 


& D. 


” 


2942-0 L. & D. 


2938°5 
2937°5 
2935°8 H. 
2928°1 
2913°8 
2851°2 
2847-9 
28459 
2801-6 
2796°9 
2794-1 
2789°6 © 
2781°8 


2780-7 L. & D. 


2779°4 
2778°2 
2776°9 
2767°5 
2764°5 
2736-0 
2732°5 
2731-0 
2698-0 
2695-0 
2693°5 


Fraunhofer 
Lines in 
Rowland’s 
Map 


5628°6252 
5183798 
5172-867 
5167°580 
4730°22 2 
4703°173 
4571°25 
4352710 
4167°40 ? 
4058°10 2 
? 

3838-43 
3832°43 
3829°53 
3336°83 
3332°27 
3330-06 
3097:02 
3093°20 
3091:20 


5711°32 2 


Reduction to 
Vacuum 


| 4 

A+ x 

169 | 5:2 
163 | 53 
154 | 5-7 
1:53 | 5:7 
153 | 5:7 
1:40 | 63 
1:40 | 63 
1:36 | 65 
1:30 | 69 
125 | 71 
1:22 | 7-4 
1:20 | 7:6 
115 | 7:8 
115 | 7:8 
115 | 7:8 
1:02 | 9-2 
101 | 92 
101 | 9:2 
0:95 | 9-9 
0:95 | 9-9 
0-95 | 9-9 
0-91 | 105 
0:91 | 105 
0-91 | 105 
0:91 | 105 
0:90 | 106 
0:90 | 10°6 
0:88 | 10:8 
0-88 | 10:8 
0-88 | 10-9 
0-87 | 11:1 
0°87. | 11:1 
0:87 | 11:1 
0:87 | 11-1 
0-86 | 11-2 
0:86 | 11-2 
0-86 | 11-2 
0:86 | 11-2 
0:86 | 11-2 
0°86 | 11-2 
0°86 | 11-2 
0°85 | 11-4 
0:85 | 11-4 
0°85 | 11-4 
0:83 | 116 
0°83 | 11°6 
0:83 | 11-6 


Oscillation | 
Frequency | 


in Vacuo 


17503-1 


18082-0 
19285°0 
19325°9 
19345°8 
21133°5 
21255-2 
21869°0 
2297071 
23986°3 
24632°5 
25073°4 
260444 
260851 
26105°2 
29959°4 
30000°3 
30020°1 
32278°8 
32319°7 
32340°2 
33977°6 
34018°5 
34038-0 
34042-4 
34133°8 
34288-0 
35049°6 
350950 
35114°9 
35667°5 
357278 
35759°0 
35818°9 
35980°2 
35940-2 
35960°8 
35981°3 
36001°5 
36108°5 
36149-0 
36527°1 
36567°7 
365871 
37046°9 
370869 
37108°3 


| 


REPORT—1892. 


MAGNESIUM—continued. 


198 
Wave- Limit | Intensity Previous 
length of and Measurements 
(Rowland) | Error |Character (Angstrém) 
2672°90 | 0°20 In 8*| 2672°5 L. & D. 
2669°84 | 0:20 In 8*| 26700  ,, 
‘2668-26 | 0:20 | In 8*| 26685 __,, 
2649°30 | 0°50 In 8f} 26490 ,, 
2646°61 | 0°50 In 8t| 26460 __,, 
(2645-22 | 0-50 | In 8f 
2633°13 | 1-00 In 26330 __,, 
2630:52 | 1:00 In 26300 4 
26050 ,, 


(2605°4) 


Fraunhofer 
Lines in 
Rowland’s 
Map 


Reduction to 


Vacuum 
1 _— 

A+ x 
0:85 147 
S50) een 
O83 | 11-7 
0°83 | 11:8 
0°83 | 11°8 
0°83 | 11°8 
0°82 | 11:9 
0°82 | 11:9 
0°82 | 12:0 


Oscillation 
Frequency 
in Vacuo 


37400°8 


374437 
37465°9 
377340 
37772°4 
377922 
37965°7 
38003°4 
38369°8 


The lines marked * and f+ form a series of triplets, of which the oscilla- 
tion frequencies (in air) can be calculated (very nearly) from the formula 


10%. =a—bn-*—cn-", where @=39796'10 for the first line, 3983679 for the second, 


and 39857-00 for the third line of the triplets, )=130398, ¢= 1432090 in the triplets 
marked *; and in those marked +, a=39836-74 for the jirst line, 39877-95 for the 


second, 39897°91 for the third, b=125471, c=518781. 


* or ¢ shows the value of x. 


Nore.—Lines at 


4808-0, 3895-0, 3895-0, 3852°0, 3848:0 


3073°5, 3050°6, 3046-7 


Caxcium (Arc Spectrum). 


The figure preceding the sign 


are given by Liveing and Dewar. 


Kayser and Runge (‘ Ueber die Spectren der Elemente,’ Pt. 1V, Berlin, 1891). 


Wave- 
length 
(Rowland) 


6493-97 
6471°85 
6462°75 
6449-99 
6439°36 
6169°87 
6169°36 
| 6166-75 
| 6163-98 
| (6162-46 
| | 6161-60 
| / 62246 

6102-99 

5867-94 
| 5857-77 

5603-06 


6499°85 


Limit 
of 
Error 


0:10 
0:10 
0:10 
0:10 


— 
PER OSH DR 


Intensity 
and 
Character 


ld 


Previous 
Measurements 
(Angstrém) 


6492°4 


6462°0 
6449°3 
6438°5 


6168-0 Thalén 


6165°5 
6163°6 


6161:1 
6121-2 
6101-2 


5856-4 


6498-3 A. & Th. 


| Reduction to 


Fraunhofer 
Lines in 
Rowland’s | 
Map 


6499°870 | 


6493-998 
6471:889 
64628408 
6450-028 
6439:301 
6169-774 
6169:2 
6166-6 
6163-95 
6162:395d 
6161-45 
6122-432 
6102:940 
5867:78 ? 
5857°675 
5603-099t 


Vacuum 
ay 
A 
191 45 
1-91) 
1:90 
1:90 
1:90 
1:89 4-5 
1:82 4:8 
1°82 
181 
1°81 
1°81 
1°81 
1:80 
1:80 4:8 
1-73 5-0 
1:73 5:0 
1:65 53 


Oscillation 
Frequency 
in Vacuo 


15380°5 


153944 
15447°0 
15468°8 
15499°5 
15525°0 
16203°0 
16204°3 
16211-2 
16218°5 
16222°5 
16224°8 
16328°5 
16380°6 
17036°8 
17066°3 
17842°1 


eS 


a 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 


Wave- 
length 
(Rowland) 


5601-51 


5598'68 
5594-64 
5590:30 
5588°96 
5582716 
5513-07 
5349°66 
5270°45 
5265°79 
5264-46 
5262-48 
5261:93 
5260°58 
5189-05 
5041-93 
4878°34 
4847-22 
4833°85 
4823-04 
4807°47 
4685-40 
4624-71 
4586'12 
4581°66 
4578°82 
4527-17 
4512-73 
4509-89 
4508-04. 
4456°81 
4456-08 
4454-97 
4435°86 
4435°13 
4425-61 
4355-41 
4318°80 
4307-91 
4302-68 
4299-14 
4289-51 
4283-16 
4240°58 
429691 
4098-82 
4095-25 
4092-83 
3973-89 
3968-63 
3957-23 
3949-09 
3933°83 
3737-08 
370618 


CaLcium (Arc SPECTRUM)—continued. 


Limit | Intensity Previous 
of | and Measurements 
Error | Character} (Angstrém) 
0:05 | & 5600°3 Thalén 
0:05 | Sn 55973 oy, 
0:05 | 10n 55934, 
0:05 | 8 55889, 
0:05 | 10 55875, 
0:05 | 8 55809, 
0-10 | 8 
0:05 | 10 53484, 
0:05 |10 . 52692, 
0:05 | 8 52646, 
0:05 | 6 |5263°2,, 
0:05 | 6 /5261-4 
0:05 | 6 |5261:0__—, 
0:05 | 4 
0:05 | 6 
0:05 | 8br 50410, 
0:10 | 10br 48773 ss 
0:20 | 4br 48465 ,, 
1:00-) Tb ° 48325, 
1:00 | 1b 4822°3,, 
1-00 | 1b 48067 
0°50 | 4br 46843, 
0°50 | 1bt 46224 _,, 
0:10 | 10 4585'3 yy 
0-10 | 8 45808, 
010} 8 
0-10 | 6 45263, 
100 | In 
1:00 | In 
1:00 | In 
0:03 | 4 44561, 
0°03 | 8r 4* 44563, 
0:03 | 10r 4454-3, 
0:03 | 8r 4* 44351 ,, 
0:03 | 10r 4434-4, 
003 | 10r 4* 4424-9 
0:10 | 6b 43550, 
0:03 | 8r 
0:03 | 8r ?, 
0:03 | 10r 43021 ,, 
0:03 | 6 42985, 
0:03 | 8r 42890, 
0:03 | 8r 4282°7_ 
0-10 | 4 £2400; 
0:03 | 10r 4220-4 ,, 
0:10 | 4by 40980, 
0-10 | 2bv 40943, 
0°10 | 2bv 40922 ,, 
0:05 | 6bY 4 3972°3 L. & D. 
0:03 | 10r 39677, 
0:05 | 6b 4 39560 
0:05 | 4by 4f 39479, 
0:03 | 10r 39330 __,, 
0:03 | 4 37364, 
0:03 | 4 37055, 


Fraunhofer 
Lines in 
Rowland’s 
Map 


5601°45 


5598-7 
55947 
5588°9 
5588-976 
5582192 
5513'194 
5349°6 
5270°497§ 
5265°75 
5264-4 
5262'4 
5261:885 
5260°6 
5188-9474 
5041°9 
4878°35§ 

? 
4833'8 ? 

? 


4807-42 
4685°4 2 
4624-71 
4586'1 
4581-78 
4578°723 
4597°1 
45125? 
4509°9 2 
45081? 
4456'8 
4456°05 
4455-0 
4435-9 
4435-1 
4495°6 
4355221 
4318:828 
4308:023§ 
4302°7 
4299°15 


| 4289-6 


428315 


| 4240°6 


42269 
40988 
4095°1 
40929 
3973°95 
3968-7 
3957°15 
3949 2 
3934 
37372 
3706-2 


Reduction to | 


199 


gee Oscillation 
requency 

Le in Vacuo 

a 

17847-0 

17856'0 

17869°9 

17882°8 

178839 

1°65 5:3 179089 
1°63 54 18133°3 
1°58 56 18687:2 
1°56 56 18968:1 
18984°9 

18989°7 

18996°8 

18998°8 

1°56 5°6 19003°7 
1°54 57 19265°7 
1:50 5:9 19827°8 
1:45 61 20492°7 
1:44 20624°3 
1:43 20681°3 
1:43 671 20727-7 
1°43 6:2 20794°8 
1°39 6:3 21336°6 
1:37 64 21616°6 
1°36 6°5 21798-4 
1:36 6°5 21819°6 
1:36 6°5 21833°2 
1°35 6°6 22082°2 
1:34 22152°9 
22166°9 

1°34 66 22176°0 
1°33 67 22430°9 
22434°5 

1:33 22440°1 
1°32 22536°8 
22540°5 

1°32 67 22589-0 
1:30 69 22953:0 
1:29 23147:7 
1:29 23206°2 
1:28 | 23234-4 
69 23253°6 

70 23305°7 

1:28 23340°2 
1:27 70 235747 
1:26 70 23650°0 
1:23 Ti 243900 
1:23 73 24411°2 
1°23 3 24425-1 
1:19 76 25156°7 
1:19 25190-°0 
1:19 25262°6 
1:18 253147 
1:18 76 25412°9 
1:13 | -81 26750°7 
1:12 8:2 26973°8 
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CatciumM (Arc SPECTRUM)—continued. 


| Reduction to 
ry ; : Fraunhofer Vacuum 
Wave- Limit | Intensity Previous Lines in Oscillation | = 
length of and Measurements | Rowland’s| ~~ ~~, -~‘Frequency 
(Rowland) | Error | Character (Angstrom) Map Awe sia in Vacuo 
r 
3653°62 0:05 | 4 3653°6 1:10 8:3 27361°8 
3644°45 0:05 |10r 5* 36440 L. & D. | 3644°5 27430°7 
{penn se 0054 8r 5* BoolO 3630°9 8:3 27533°7 
3624-15 0:05 | 8r 5* BOO) 55 3624-2 1:10 | 84 275843 
3487°76 0:05 | 6by 5f 34865, 3487°8 1:06 87 28663°0 
3474:98 0:05 | 4br 5t 34745, 3474:95 1:05 88 28768°3 
346868 0:05 | 4by 5+ 34680, 3468°65 1:05 8:8 28820°6 
3361-92 0:10 | 8br 6* 3359°5 Si, 336195 1:02 Pit 29735°8 
3350°22 0°10 | 8b 6* 33475 yy 3350°3 1:02 or 29839°7 
3344-49 0:10 | 6b 6* 3342°0_,, 33443 7 1:02 91 29890°8 
3286°26 0°10 | 4b" 6F 3285°0_ ,, 328671 1:00 9:3 30420°4 
{sere 0:10 | 2bv 6F 32730, 3274'8 1:00 9°3 30526°2 
3269°31 0-10 | 2by 6+ 32685 =, 3269°3 1:00 9-4 305781 
3225°74 0°50 | 4br 7* 32245, 3225°9 0-98 9°5 30991°1 
{22155 0°50 | 4b™ 7* 32130 ,, 3215°3 0:98 9°5 31093°2 
3209°68 0°50 | 2br 7* 32080 =z, 3209°3 2? 0-98 35 31146°2 
(318140 003 | 4 Tt S18l:0 4 3181°4 0:97 9°6 31423:1 
8179°45 0:03 | 6 BLT9:Ony as 3179-4 9°6 31442°3 
3170-23 | 0°50 | 2 7f 3168°5 Cornu 3170°3 Shi 31534-7 
3166°95 2:00 | In 7} 3166-9 31566°4 
3158'98 0:03 | In 3158°8 L. & D. | 3159-0 0:96 31646°1 
3150°85 O50 16 8* 351-0; 3150°9 31727°8 
3140°91 0°50 | 2n 8* 31410 ,, 3140:95 374 31828°2 
3136°09 | 0°50 | 2n 8* 31360. 5, 3136°0 0°96 9°8 31887:2 
3117-74 1:00 | In 8t SLT-5. Sy 3117-85 0°95 32064:7 
3107:96 1:00 | In 8t 31080, 3107:9 98 32171°5 
3101°87 1:00 | In 8} 9*| 3102°0 ? Sh) 32228°6 
yeuoae 0:05 | 4 9* 0:92 | 10:2 33246°1 
2999°76 OO eas os 33325°8 
2997-42 005) 4 33351°8 
2995°06 005 | 4 0:92 | 102 | 33375:1 
2398°66 0:05 | 8r 2398:0__—s,, 0-76 13-1 37676'8 
227560 | 0:10 | 8r 0:73 | 14-0 43930°4 
2200°84 010 | 8r 0°70 | 14:2 45423°0 


The lines marked * and + form a series of triplets, of which the oscillation 
frequencies (in air) can be calculated, very nearly, from the formula 


8 
10 =a — bn-*—en—*, where a=33919'51 for the first line, 34022'12 for the second, 


and 34073°82 for the third line of the triplet, b=123547, e=961696, in the triplets 
marked *; and in those marked + a=34041:17 for the jirst line, 34146°95 for the 
second, and 34199-09 for the third, b=120398, c=346097. The figure preceding the- 
sign * or + shows the value of ». 


§ Double :—calcium and iron. d Double. t Triple. 


Ee —————— 
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Kayser and Runge (‘ Ueber die Spectren der Elemente,’ Pt. IV. 


Zinc (Arc Spectrum). 


Wave-length spe | rea 
0 anc 
a Error | Character 
5182-20 0-10 | 8b* 
4810°71§ | 0:03 | 10r 3f 
{a8 0-05 | 10r 3f 
4680°38§ | 0:05 | l0r 3f 
4630-065 | 0:10 | 8b* 
4298-54 0:10} 2n 
4293°02 005} 2 
4101°94 010 | 2 
405802 0:03 | 8 
4019-75 0:05 | 4 
374012 010; 4 
3683-63 0:03 | 8b 
3671-71 0:05 | 6 
357290 0:03 | 2 
3515°26 0:20 | In 
3346:04§ | 0:10} 4 
3345°62§ | 0°05 | 8r 
3345:13§ | 0°03 | 10r 4* 
3303035 | 0°03 | 8r 4* 
3302°67§ | 0:03 | 8r 
3282428 | 0:03) 8r 4* 
3075:99§ 0:03 | 8r 
3072°19§ | 0:05 | 10r 4t 
{onsen 0:05 | 10b 4 
3018°50§ | 0:05 | 8byv 4+ 
2913-63 0:05 | 4 
2873°39 0:03 | 6 
2863-43f | 0:03 | 6 
2833°13 0:03 | 8r 
2823-27£ | 0:03 | 6 
2802°11 0:03 | 4r 
2801:00§{| 0-03 | 10r 5* 
{278133 0:20 | 4br 
2771:05 0-03 | 6r 
p70:286 0:03 | 8r 5* 
~ \2756°53§t| 0:10} Gr 5* 
2751-49 0:20 | 2br 
2736°96{ | 0:20 | 2b 
2712°60S||| 0:05 | 8bv 5¢ 
2706°64E | 0°05 | 6 
269754 010) 2b 
|2o8t20g 0:05 | 8b 5f 
2670°67§ | 0:05 | 6bv 5+ 
2663°25 0:05 | 8 
2623°87 1:00 | In 
2608°65§ | 0-05; 8r 6* 
2601:03 1:00 | 2n 
2582°57§t| 0°10] 8r 6* 
2577°34 005 | 4 
2575°15 015] 2n 
2570:00§ | 0:10| 6r 6* 


Reduction to 


Berlin, 1891), 


5 Eo ab 

S85 Bb 

Previous She Vacaum 228 
Measurements aA a = ae 
ostroé n= o°%. 
(Angstr6ém) E25 A+ ao 
153 | 5-7 | 192861 
4809'8 Thalén 4810-68 | 1:43} 6-2 | 20780-7 
47215, 472230 | 1:40 | 6:3 | 21170-0 
1:39 | 6°3 | 21359-5 
46796 =» rlaggo-452| 1:38 | 6-4 | 21591-6 
iiiecqaaa 1:28 | 6-9 | 232568 
1:28 | 6-9 | 23286-7 
1:23 | 7:3 | 24371-4 
4058102} 1:22 | 7:4 | 24635-2 
1:20 | 7:5 | 248697 
113 | 8-1 | 26729-0 
3683-70 | 111 | 82 | 271389 
13671807] 1-11 82 | 27227°1 
1:08 | 8-5 | 27980-0 
'3515°202| 1:07 | 8-7 | 28438-7 
3346-12 | 1:02 | 9-1 | 29877-0 
3345°722| 1:02 | 9:1 | 29880-7 
3342-0 L. & D. |3345°102| 1:02 | 9:1 | 29885-1 
3303-002} 1:01 | 9:3  30265-9 
33010 ,, 3302-72 | 1:01 | 9:3 | 30269-2 
32810 ,, 1:00 | 9-3 | 304560 
0:94 | 9-9 | 32500-0 
30700 i, 0:94 | 10-0 | 325401 
3035-0 ,, 0:93 | 10-1 | 32928-7 
30170 ,, 0:93 | 10-2 | 331186 
0:90 | 10-6 | 34310°8 
0:89 | 10:8 | 34791-3 
0°89 | 10:8 | 34912:3 
0-88 | 10-9 | 352857 
0-88 | 11-0 | 35408-9 
0-87 | 11-1 | 35676-3 
28000, 0:87 | 11-1 | 35690-4 
086 | 11-2 | 35942°8 
0-86 | 11-2 | 360762 
27700, 0:86 | 11-2 | 36077-6 
27560, 086 | 11:3 | 36266-2 
0:86 | 11:3 | 363326 
O85 | 11-4 | 36525°5 
97183, 0°84 | 11:5 | 36853°5 
0°84 | 11:5 | 36934-7 
0°84 | 11:6 | 37059-2 
26840, 0:84 | 11°6 | 37242-2 
2670°5 yy 0°83 | 11-7 | 37432-1 
0°83 | 11:7 | 37548-1 
0°82 | 11:9 | 38111°6 
26085 ,, 0-82 | 12:0 | 383220 
0:82 | 12-1 | 38434-2 
25820, 081 | 12:1 |38709-0 
0:81 | 12-2 | 38787-5 
081 | 12-2 |38820°5 
25697, 0°81 | 12-2 | 38898°3 
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Zinc (ARC SPECTRUM)—continued. 


b E a | Reduction to | gp». 

ets , 5 Sas Vacuum S28 

Wave-length | Limit Intensity Previous a5 agg 

(Rowland) of and Measurements Bah 7 a a 

Error | Character (Angstrém ) Es E At | o> Zes 

4q 

2567-99 0710 | Gb 6F 0°81 | 12:2 | 38928°8 
2562-70 1:00 | 2n 0°80 | 12:3 | 39009°0 
2558°03 0°05 | 4 0:80 | 12°3 | 39080°3 
2542°53, 0:10 | 6b 6F 0:80 | 12:3 | 39318°6 
2530°34 0-10 | 2bY 6F 0°80 | 12-4 | 395080 
2516:00§ | 0:20 | 6n 7* 25160 L. & D. 0:79 | 12°56 | 39723-1 
2502-11 O10) 4 0-79 | 12°6 | 39950°9 
2493°67 015 | 4n 7T 0-79 | 12°6 | 400889 
2491°67§ | O15 |} 6n 7* ZAOUD. 55 0°79 | 12°6 | 40121-1 
2479°85§t| 0-15 | 4b’ 7* 2480°0 0-78 | 12-7 | 40312°3 
2469°72 015 | 2by 7t 0-78 | 12°8 | 40477°6 
2463°47§ | 0:20 | 4n 8* 24645, 0:78 | 12°8 | 40580°4 
2457-72t | 0:25 | by 7t 0-78 | 128 | 40675:3 
2449°76 0:25 ib che O77 | 12°9 | 40807-4 
2439°948t | 0:30 | 4n 8* 24400 ,, 0-77 | 12:9 | 40971-7 
2430°74§ | 0°30] In 8*9*| 24300  ,, O77 | 13:0 | 41126-7 
2427-05 0:30 | In 8f 0-77 | 13:1 | 41189-2 
2415°54 0°30 | In 8f 0-76 | 13:1 | 41385°5 
2407-98 0307] In _9* 0:76 | 13°2 | 41515-4 
2395°88 0:05 | 8 0°76 | 13°3 | 41759-9 
2246:90 015 | 6 O72 | 14:2 | 44491-4 
(2138°3) § 14:8 | 46751°3 


The lines marked * and t form a series of triplets, of which the oscillation 
frequencies (in air) can be calculated (very nearly) from the formula 


108 =a—bn-*—en-', where a=42945'32 for the jist line, 4333171 for the second, 


and 43521-48 for the third line of the triplet, 6=131641, e=1236125 in the triplets 
marked *; and in those marked t a=42954°59 for the first line, 43343°65 for the 
second, and 43533°32 for the third, b=126919, c=632850. The figure preceding 
the sign * or t shows the value of n. 

§ Ames. 4810°7, 4722°3, 4680°3, 463071, 3346°2, 3345°7, 3345-1, 3303-1, 3302°8, 
3282°35, 3076°1, 3072-1, 3035-9, 3018°5, 2800-9 (double), 2770°9 (double), 27565, 2712°6, 
2684:2, 2670°'7, 2608-7, 2582°5, 2570°0, 2516°2, 2491-6, 2479°9, 2463-7, 2440°4, 2429-0, 
2138°3. { See Iron. || See Cadmium. 


Strontium (Arc Spectrum). 
Kayser and Runge (‘ Ueber die Spectren der Elemente,’ Pt. IV. Berlin, 1891). 


Reduction to 


Wave-length | Limit | Intensity Previous Veen 


Rowland of and Measurements 
peice) Error |Character (Angstrém) 


Fraunhofer 
Lines 
Oscillation 
Frequency 
in Vacuo 


6550'53 0-20 6550°3 Thalén absent 1:92 4:5 | 15261-4 


6 
650417 010 | 4 Gb018) .:; 6504°35 191 » | 153702 
6408°65 010 | 6 64073, 6408°80 1°88 46 | 15599°3 
6386°74 010 | 6 63873 sy, absent : » | 156528 
6380:'95§ | O10) 4 63803, 6380°94 i 4°6 | 15667-0 
5970-38 0:05 | 4b” 5970°'7 Sis 5970°27 176 4:9 | 167444 
584801 0:10) 2 585071 sy, absent 1:72 5:0 | 170948 
5817-01 0:05 | 2 5816°0 Huggins |! 5817-05 171 5:1 117185°9 
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Srronrrum (Arc SPECTRUM)—continued. : 


Wave-length 
(Rowland ) 


5767:29 
5543-49 
5540 28 
553501 
5522°02 
5504-48 
5486-37 
5481-15 
5451-08 
525712 
5238°76 
5229-52 
5225°35 
§222°43 
5213-23 
5156°37 
497185 
4968:11 
4962:45 
4892-20 
4876°35 
4872°66 
4869-41 
4868-92 
4855-27 
4832-23 
4812-01 
4784:43 
4755°59 
4742-07 
4729°93 
47.22°49]| 
4678-39} 
4607°52 
4531:54§ 
4480-96 
443822 
4412°82 
4361°87 
4338-00 
4326-60 
4319-39 
4308-49 
4305-60§ 
4215°66§ 
4161°95 
4077°88 


4032°51 


4030°45§ 
3970°15 
3969428 
3940-918 
3705'88 
3653-90 


B Reduction to | Bie 
=) (=) 
Limit | Intensity Previous 33 epee o3 8 
of | and Measurements Phe Ne SBS 
Error Character| (Angstrém) = At | x- z = q 
0:10 2 5766:0 Huggins | 5767°37 1:70 51 | 17334-1 
0-05 6b 5543-0 + 5543730 1:64 5:3 | 18033°8 
0:05 6 5540-71 Thalén absent (1 >» | 18044:3 
0-05 6 5533-0 ” 553505 1°63 », | 18061°5 
0:05 8 5522-6 op absent cx » | 18104-0 
0:05 | 10 5503°6 53 550455 cr 5-4 | 18162°6 
0:05 8 54851 a, absent 1°62 », | 18221°6 
0:03 | 10 5480°1 A 5481:05 of) », | 18239°0 
0:08 8 5450°0 Huggins | 5451-00 1:61 », | 18339°6 
0:03 | 10 5256°1 Thalén 5257-15 1:56 56 | 19017:2 
0:03 | 10 5238°7 a 5238°73 1°55 » | 19082:9 
0:03 8 5228°7 7 absent “ 5:7 | 191165 
0-03 | 8 5295-7, 5225-15 if » |19131°8 
0:03 | 8 5223-7, 522255 | 1-54 | 1914255 
0:03 4 5217-0 Huggins | 5213-20 +) oy | LOLTG:3 
0:05 | 10 5155°0 Bs 515628 1:53 5:8 |19387:7 
005) 4 4* absent | 147 5-9 | 20107°3 
0:03 8 4967°6 Thalén 4968°10 ” 6:0 | 201224 
0:03 | 10r 4961°6 33 4962°55 ec » | 20145°3 
0:03 | 8 4893-0 Huggins absent 1°45 61 | 204346 
0-03 | 8r 4*| 4876-1 Thalén 4876°57 ° », | 20501°0 
0:05 | 10r 48721 ,, absent | 1:44 » | 20516°6 
0:10} 4n 4869°68 3 » | 205303 
0:03 | 6n 4865-0 Huggins absent FA » | 205323 
0:05 | 6n 4853-0 - is i », | 20590-1 
0:03 | 10r 4*| 4831°6 Thalén 4832:28 1-43 », | 206883 
0-03 | 10r 481271 cf 4812-22 a 6:2 | 207751 
0:05 | 6 47836, 4784-25 | 1-42 , | 20894-9 
010} 2 4750-0 Huggins |'4755:35 | 1-41 » | 210216 
0:03 | 6 4740-6 Thalén absent Me 63 | 21081°5 
010 | 2n 4729:82Fe| 1:40 » | 21135:7 
0:03 8 4721-1 aa absent Pa 3, | 21169°3 
0:10 6n 4678°37 1:39 » | 213F8°6 
0:03 | 10r 4607-6 a 4607°51 1:37 6:4 | 21697:2 
0:03 | 6 absent 1:35 66 | 22061-0 
0:10 2n 4481:00 1:33 » | 22310°0 
0:03 | 6n 4437:0 Lockyer absent 1:32 6-7 | 22524:9 
0:03 4 oS 131 », | 226546 
0:03 6n 4365°0 a =e 1:30 6°8 | 22919-1 
0:05 6bY 4336:0 *5 4338:05 1:29 6:9 | 23045-2 
003] 4 4325-0, 4396-55 |* ,, » | 23105:9 
0:05 | 4by 4319°0 Huggins | absent ¥ » | 28144:5 
010 | 2br 4308°37 # » | 23203-1 
010} 6 43053 Thalén 4305-48 ub » | 23218°6 
0:03 | 10r 4215°3 45 4215-70 1:26 T1 | 237141 
0:03 6 41610, 4161-97 1:25 7-2 | 24020-0 
0:03 | 10r 4078'5 or 407790 1:22 73 | 24516-2 
0-05 | abr oe |{ 70317 Lockyer | gogo-6o | 121 | 7-4 (247910 
” 

0:05 6b 4029°4 a 4080°50 or » | 24803°7 
0:05 4b 3969°1 ri) 3970 21 1:19 7-6 | 251804 
0:05) 4 5* 3969°40Fe| __,, » | 251850 
0:05 | 4br5* | 3939°5 5 3940°80_ | 1:18 » | 25367-2 
0:20 | 6n 6* | 37050 L. & D. 3705°80 1:12 8:2 | 26975°9 
0-10 | 2n 3653:0 3653:90Fe| 1:10 » | 27359°8 
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STRONTIUM (ARC SPECTRUM)—continued. 


5 Reduction to Ebo 
Wave-leneth | Limit | Intensity Previous s g faa BS 8 
(Rowland ) of and Measurements a5 eed 
Error |Character) (Angstrom) a ng pile S24 
ry A Sa 
3653:32G | 0:10 | 4n 6* 3653-48 1:10 82 | 27364:2 
3629°15 O:105) 94 (6% absent % 8:3 | 27546°3 
362862 OLD) ez ” ” 8:4 | 27550°3 
3577-45 010; 1 3577-40 1:08 85 | 279444 
3547°92 0:30 | 6n 7*| 354783L & D. 3547-92 1:07 8:6 | 281769 
3504-70 0:30 | 2n 3504°80 1-06 8:7 | 28524°4 
3499°40 020] 6n 7*| 34980 __,, 2 i »» | 28567°6 
3477°33 0:10 | 2n 7* 3477°30 ¥ 8-8 | 28748°9 
3475:01 0°05 6 absent uy » | 287681 
3464°58 0:03 | 8 34640 sy, 3464°60 1:05 », | 28854:7 
3457°70 0:20 | In 8*| 34580 __,, 3457-70 S 3, | 28912-2 
3456°78 0°20 1 ” ” 28919°9 
3411°62 0°50 |} In 8 1:04 8-9 | 29303°7 
3400°39 0:00 | In 9* 1:03 9:0 | 29399°4 
3390-09 0:50 | In, 8* i. » | 29488°7 
3380°89 0:03 | 8 33795 2 ” », | 29569-0 
3366-43 0:03 | 8 33655 yy absent 1:02 91 | 29696-0 
3351°35 0:05 | 10r % A} »» | 29829°6 
3330°15 0:03 | 8 3330:08Mg}| 1-01 9:2 | 30019°5 | 
3322°32 0:03 |; 8 3322°93 rg » | 3800902 
3307-64 0:05 | 10r 3305°2 yy y A » | 30223°8 
3301°81 0:05 | 8 3301°77 6 yy | 802772 
3200°4§ 0:20 | 2n 0:98 9°6 | 31236°5 
3199-1 0:20 | 2n ” » | 31249-2 
3190°1 0:20 | 2n 0:97 »» | 31337-4 
3189-4 0:20 2n ” ” 31344°2 
3182°4 050 | In 5 » | 31412-2 
3172°3 0:50 | In : 49 » | 31513°3 
2931-98 0:03 | 8 29310 5, 0:90 | 10°5 | 34096-1 
* These lines form a series of triplets for which, in the formula 108 = =a — bn-* 


—cn—', a=31030°64 for the first line, 31424°67 for the second, and 31610'58 for the 


third, b =122328, and c= 837473. 
§ See Iron. 


|| See Zinc. 


t See Cadmium. 


Capmium (Arc Sprcrrum). 


q See Calcium. 


Kayser and Runge (‘ Ueber die Spectren der Elemente,’ Pt. 1V. Berlin, 1891). 


Wave-length 
(Rowland) 


5154°85 
5086:06 
{8800-09 
4678°37 
4662°69 
4413°23 
430698 
3981°92 


and 


6b 
10r 3} 
10r 3+ 
10r 3f 
8b’ 
6 

4b 
2b 


Intensity 


Character 


Previous 


Measurements 


(Rowland) 


5154:°2 Thalén 


5086:1 Ames 
4800-0 55 
46783 by 
44131 


Fraunhofer 
Lines in Row- 
land’s Map 


Reduction 
to Vacuum 


A+ 


4307°0 
absent 


Sen SS eee 
= po 09 Oo Co HE OT Or 
woonwwoonNr ww 


ADDRAPs I 
aSornetwnsp oo 


Oscillation 
Frequency 
in Vacuo 


19655°8 
20826°7 
21368°7 
21440°4 
22652°4 
23211°2 
25105°9 


19393°4 


” 


2712-65 
2677°65 
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Wave-length 
(Rowland) 


3729-21 
3649°74 
361458 
3613°04 
3610°66 
359564 
3500-09 
3467°76 
3466°33 
3403°74 
3299°11 
326117 
3252°63 
{3133-29 
3081:03 
3005°53 
298146 
2980-75 
2961-64 
2908°85 
2903°24 
2881°34 
2880°88 
286835 
286256 
2837-01 
281866 
2775-09 
2764:29 
276399 
2756°69 
2748°68 
.2733°97 


2670°81 
2660°45 
2657°10 
2654-65 
2639'63 
2632-29 
262915 
2601-99 
2599-14 
2582:86 
2580°33 
2573'12 
2553'61 
2544-84 
2525-57 
2521-74 
2507-93 
(2491) 
2474-15 
2329'35 


Limit 
of 
Error 


0:20 
0:03 


Intensity 
and 
Character 


4bY 
2b* 

4 

8r 4* 
10r 
Ibv 
4bY 
Sr 4* 
10r 
10r 4* 
4 


CapMIUM (ARC SPECTRUM)—continued. 


205 


Reduction to 


SES Bo 
Previous Sas Mies e= 2 8 
Measurements gS 7 = > 
(Rowland) Ege ee Se Gea 
4 
absent | 1:12 8-1 | 26807-2 
oe 1:10 83 | 27390°9 
3614-6 Ames A 1:09 8-4 | 27657°3 
36131 # x A a5 27669'1 | 
3610°6 F 3610°67 e oo 27687°3 
absent: PF ” 2780371 
34992 H.& A. 3 + ‘ 28562°3 | 
3467°7 Ames es 1:05 88 | 28828°3 
346615, 3466°35 5 ch 28840:2 | 
3403°7 n 3403°80 | 1:03 9:0 | 29370-4 | 
3299:12| 1:01 9-3 | 30301°9 | 
3261°1 oA 1:00 94 | 30654:4 | 
3252°6 5 0:39 | ,, 307349 | 
3133°2 en 0:96 | 9:8 | 31905°5 
3081:0 % 0:94 9:9 | 32446:8 
0°92 | 10°2 | 33261°8 
i 10°3 | 33530°3 
2980°8§ _,, cf a 33538:3 
O91 | 104 | 33754:7 
0:90 | 10°6 | 34367-2 
Ph 10°7 | 344336 
r 0°89 - 34695-4 
PEBEES Oihs » | 10°8 | 34700°8 
2868°2 45 “ fo 34852°4 
Ss cf 34925°4 
2837°0 A ‘7 10°9 | 35237°5 
0°87 » | 35466°9 
DDO 0°86 | 11:2 | 360237 
Hu is 36164:4 
2763'9§ ,, + a 36168°4 
7 11°3 | 36264:1 | 
5 Ar 36379°8 
2748°45 Bell 0°85 | 11-4 |36565-4 
2733°8 Ames Ss A 36852°9 
26776§ ,, 0°84 | 11-7 | 373345 
; 0°83 He 374301 
2660°3 rf * AS 37575°9 
5 11°8 | 37623-2 
s Fé 37657°9 
2639°4 “ J As 37872°3 
0°82 i 37977°9 
i, pS 38023°3 
2602°1 as ” 12:0 | 38420-1 
O81 | 12:1 | 3856671 
a I 38704:7 
2580°2 a i 12-2 | 38742°5 
2572°95 Bell A # 38851°1 
0°80 | 12:3 | 39148:0 
2544:°8 Ames %, 12:4 | 39280°5 
25253 a 0:79 | 12°5 | 39582°5 
A *, 39642°7 
‘ 12°6 | 39860°9 
2491:0 re 
078 | 12°7 | 40405°2 
2329°22 Bell 074 | 13:7 | 42916:7 
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CADMIUM (ARC SPECTRUM)—continued. 


y 1 . | 
# Eo) Reductionto|] gy: 

Los 5 Bo 

Wave-length | Limit | Intensity Previous ia Vacuum < g s 

(Rowland) of and Measurements hers Ek 

| Error | Character (Rowland) CEE ae i ge = 

2321°23 0:20 2321°14 Bell 0:74 | 13:7 | 430660 

2312-95 0-15 2312°83 | ,, a 13°8 | 43221:0 
2306°72 0:03 23069 L. & D. 0-73 = 43337°8 | 

2288-710 0°05 2288'1 Ames f 13°9 | 43690°5 

2267:53 =| 0:10 2268°9 H.& A. 0-772 | 14:1 | 44086°7 

is : 2264'88 Bell ; 

2265°13 0:10 { 2264-42, \ | ys mh 44133°5 ) 

2262°36 | 0°10 / r | 44187-5 
2239°93 0:05 2241'7 H.& A. | O71 | 14:2 | 446300 | 

2194°67 0°20 21946 L.& D. | O70 | 143 | 45550°6 
2170711 0°50 = 5 46066°3 | 
2144-45 0:20 | 2143°75 Bell 0°69 | 14:4 |46617°6 | 


* These lines form a series of triplets for which in the formula 108 =a 


— bn-2—en—"*, a=40755'21 for the first line, 4191460 for the second, and 42456°64 
for the third, b=128635 and c=1289619. 

+ These lines form a series of triplets for which a=40797:12 for the /irst line, 
41968 80 for the second, and 42510°58 for the third, b=126146, c= 555137. 

§ Double. 


Barium (Arc Spectrum). 
Kayser and Runge (‘ Ueber die Spectren der Elemente,’ Pt. IV. Berlin, 1891). 


Reduction to | 
Wave- | Limit | Intensity Previous ae: ve Vacuum | Oscillation 
| length of and Measurements | powland’s A Frequency 
| (Rowland) | Error |Character (Angstrém) Map Nar. — in Vacuo 
6675°30 | 0°20 1 6677:0 Huggins absent 1:96 a. 149762 
6595°55 | 0:10 1 6589-0 : % 1°94 4:5 | 15157-2 
6527°56 | 0:10 4 65260 Thalén 6527-48 | 1:92 $ 1531571 
6498°93 | 0-10 4 absent 191 + 15382°6 
6497:07 | 0:10 6r 6495°3 a; 649712 5 5 153870 
6483°10 | 0-10 4 6483-0 9 6483-06 | 1:90 . 15420°2 
6451:05 | 0°10 4 6449°3 5 absent = - 15496°8 
6841°88 | 0-10 4 6343°3 Rs i 1:86 46 15763°6 
6141°93 | 0:03 | 10r 6140°5 x 6141-96 | 1:81 48 16276°4 
6111-01 | 0-03 6 6109°8 ¥ absent | 1:80 + 16359°1 
6083°63 | 0-15 1 5 179 9 16432°7 
6063°33 | 0:03 6 6062°0 . ~ 1:78 x 16487°8 
6019°69 | 0:03 6 6018-2 “A 6019°60 | 1°77 4:9 16607-2 
5997-31 | 0:03 | 4 5991°7 Ps absent 5 “ 166692 
5978°72 | 0°20 1 5978:76 | 1:76 s 16721°1 
597194 | 0:03 8 59712 5 absent 5 - 1674071 
596506 | 0:20 2 5971°2 3 596515 + ¥ 16759°4 
5907°88 | 0:05 6 5904°7 “4 absent 1:74 50 16921°5 
585391 | 0-10 | 10r 5852°7 9 585390 | 1:73 - 17077°6 
5826750 | 0:03 8r 5827-1 as absent ibyal 5:1 171579 
5819°21 | 0-05 4n # ib 4 17179°4 
5805°86 | 0:05 6r 5803°6 9 5805°85 s 5 17218°9 
5800748 | 0:05 6r absent = = 17234°8 
578424 | 0°15 2n 578426 » » 17283°3 
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BARIUM (ARC SPECTRUM)—continued. 


Wave- | Limit | Intensity Previous 

length of and |* Measurements 
(Rowland) | Error |Character] (Angstrém) 

577784 | 0:03 | 10r 5779°6 Thalén 

5721°66 | 0°30 In 

5713°62 | 0-15 4b¥ 
$5709°82 | 0-15 4bY 

5680°34 | 0:05 6r 

5620°41 | 0°50 2n 

559345 | 0:10 4n 

5535°69 | 0:05 | 10r 5534-2 FP 

5519°37 | 0:05 8r 5518°4 BS 

547394 | 0:10 4n 

5437:66 | 0:10 2n 5436-0 55 

E ae 5425°0 “5 

542482 | 0-05 | &r { ee. } 
$5393:47 | 0°10 1bv 

5381:25 | 0:50 lbv 

537905 | 0:00 1bv 

5365°46 | 0°50 1bv 

5309-20 | 0°30 2bv 

530599 | 0°20 2bv 

530297 | 0:20 4bv 

5294-40 | 0:10 2 

529116 | 0:20 In 

5279'72 | 0:20 In 

5277°84 | 0-15 4n 

5267:20 | 0:10 6n 

525394 | 0:10 In 

5177-60 | 0:05 2n 

5175°74 | 0:05 4n 

5160°27 | 0:10 4n 

505512 | 0-10 2n 

4947-50 | 0:10 2n 

4934-24 | 0:03 | 10r 4933°3 <p 

490311 | 0:05 6b* 

4900:13 | 0:05 8 4899°4 a 

4877/99 | 0-15 2n 

4726-63 | 0:05 8r 4727:0 Huggins 

4724-98 | 0:10 2 

4700°64 | 0:05 6bY 
$4691:74 | 0:03 6r 4690-0 3 

4673°69 | 0:05 6b" 

4642°38 | 0°10 1b’ 

463680 | 0:10 2b” 

4628°45 | 0:05 4b° 

4620°19 | 0:05 4b” 

460511 | 0:05 2b* 

4600:02 | 0:05 4b* 4599°1 Thalén . 

4591°88 | 0:05 2b° 

4589°82 | 0:05 2b" 

4579°84 | 0:03 8r 

4574.08 | 0:05 6r 

4554-21 | 0:03 | 10r 4553-4 as 
$4525:19 | 0-05 6 | 4524-4 

452348 | 0-10 | 6r 

450611 | 0°10 6 

4493°82 | 0:20 4b* | 4493°0 Lockyer 


Reduction to 


op ae Vacuum Oscillation 
ees aes Frequency 
Rowland’s 3 . 
1 in Vacuo 
Map RN 

absent 1:70 St 1730274 
3 1:69 5:2 17472°3 
a3 of rr 17496°8 
5709°75 oF * 17508°5 
5680°48 | 1°68 Sy 17599°4 
5620°30 | 1°66 5:3 17787°0 
absent 1°65 Pe 17872°7 
553574 | 1°64 5 18059°3 
absent 1°63 of 181127 
1°62 5:4 18263-0 
547410 | 1°61 sy 18384°9 
5424°86 | 1°60 Ap 184284 
1°59 55 18535°4 
§381°25 “ a 18577°5 
= 3 18585°1 
a a 18632°2 
1:57 56 18829°6 
5306°05 st A 18841°0 
PP oP 1885272 
re Bs 18882°3 
3 Pe 18893°8 
1:56 en 18934°8 
% 5 18941°5 
a cP 18979°8 
= 5 19027°7 
1:53 5:7 19308°3 
ay is 19315°2 
a * 19373:1 
1:50 5:9 19392°3 
1:47 6:0 202062 
4934-26 | 1:46 35 20260°5 
1:45 5 20389°2 
4900:07 Fy) % 20401°6 
o 671 20494'1 
1:40 6:3 21150°4 
rc or 21157°8 
4700°70 - = 21267°-4 
4691°75 | 1:39 Fe 21307°7 
33 6-4 213900 
4642°40 | 1:38 * 21534°3 
Fr a 21560°2 
ss ~ 21599°1 
1:37 is 21637-7 
4605'20 ry 6:5 21708°5 
4600:02 sf 3 21732°5 
me 3 21771-1 
1°36 a 21780°9 
5 oa 2182873 
- Ny 218558 
4554°22 | 1°35 3 21951°2 
4525°15 & 6°6 22091°9 
4253°58 8 = 22100°3 
1:34 re 22185°5 

4493°73 z Bs 22246-2 | 
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BARIUM (ARC SPECTRUM)—continued. 


Recah Reduction to 

Wave- | Limit | Intensity | Previous Lines in | Vacuum Oscillation 

| length | of and | Measurements Rowlan’s ~—| Frequeney 
| (Rowland) | Error Character’ (Angstrém) Map Nes ‘- in Vacuo 

| | 

4489°50 | 0:50 4br 4488-0 Lockyer 1:34 66 22267°6 
4467°36 | 0:05 4 | L383 67 22377-9 
4432-13 | 0°03 Gr | 4433-0 ) 4432°30 | 1:32 A} 22555°8 
| 4413°96 | 0°05 2 | 4414:03 ” A 22648°7 
| 4407:10 | 0:05 4by | 1-31 if 22684:0 
4402°75 | 0:05 8r 4401°5 F | 68 22706°3 
4359°80 | 0:05 2 435980 | 1:30 5 22930:0 

4350°49 | 0-10 8r | 4351-0 cf Fr] 6-9 22979:0 | 
4333:04 | 0:05 | 4n A332:0° | 4333-06 | 1:29 » 23071°6 

4325°38 | 0:05 2 4325°0 = 3 5t 22112:5 | 
4323-15 | 0:05 4br | 4323-0 3 4323-15 ” ” 231244 
4291:32 | 0:05 4 | 4290°6 a 4291-30 | 1:28 7:0 23295°8 
4283°27 | 0:03 8r | 4282°5 ‘ os 95 23339°6 
4264-45 | 0°05 4n | 4264-0 a 426445 | 1:27 sf 23442°7 
424983 | 0°05 | 4b* | 4241-5 A 4242-80 » ” 23562:2 
$4239°91 | 0:05 2b’ 4239-0 co 4239:90 ” Bs 23578°4 
4422411 | 0-05 4 | 4224-0 3 1:26 71 23666°5 
4179°57 0:20 2bY 4179°55 | 1:25 " 23918°8 
416624 0:05 4 | 4165°5 33 4166-20 ” 3 23995'4 
+4132°60 0:05 2 | 4131°5 a 4132°58 | 1:24 7-2 24190°6 
4130°88 | 0:05 8r 4130°5 3 4130°77 ” ” 242007 
4110-46 | 0-10 2 4110-42 | 1:23 133 24320°8 
4087-90 | 0:50 In | 4087-0 a 4087°96 | 1:22 se 24455°1 
$4085°35 | 0:50 In 4084:0 3 4085°46 ” ” 24470-4 
4079'56 | 0°50 In 4081°0 a 4079°58 9 i 24505°1 
$3995:92 | 0-10 6 3995-0 “p 3995-93 | 1:20 75 250180 
3993-60 | 0:03 | 10r 3992°7 or absent 45 > 25032°6 
3975°55 | 0°10 2 3975°50 | 1:19 76 25146°2 
3938:09 | 0:05 6 3937-2 i 393815 | 1:18 i 25385°4 
$3935°87 | 0:05 8r 3934-7 5 3935°95 ” ” 25399°7 
$3917-42 | 0°05 $ 3917°45 ” 77 25519°3 
3910-04 | 0:05 | 8r 39085 L, & D. 3910-06 3 ” 25567-4 
3906-20 | 0:05 2 absent 1:17 A 25592°6 
3900°54 | 0:05 4n 2 55 3 25649'8 
3892-93 | 0-10 2n = se a 25679°8 
3891°97 | 0:05 6n 3891°0 by 3891795 ” ” 25686°2 
3889°45 | 0°05 4 2 ” ” 25702°9 
3861°87 | 015 2n 2 ” ” 24886'5 
3794-77 | 0:20 2n 3793°5 z 379378 | 1:14 79 263442 
3701°87 | 0:15 2n | 3701°83 | 1:12 8:2 27005°2 

368928 | 015 2n 3689°24 | 1-11 33 2709774 | 
3664-76 | 0-10 2n | 3664°79 3 8:3 27278°6 
3662°62 | 0:05 6 | 3660°7 = absent ss el 27293°6 
3637-710 | 0°50 In | 3637:16 | 1:10 Be 27486'1 
3611:17 | 0-10 6b* | 3611:18 | 1:09 8:4 27683°4 
3599°60 | 0:05 6 _ 3598-7 oa absent ”» » 27772°5 
3593°58 | 0-15 4b’ | 3592°8 3 ? cf nd 278190 
3588°33 | 0:10 2n 3588°40 a 85 27859°7 
3586°64 | 0°10 2 3586°68 ” ” 27872°7 
3579°97 | 0:10 4nr 3579'1 Ay 3579°97 | 1:08 at 27924-7 
3577-79 | 0:05 4n absent 3 a 279417 
357620 | 0°16 1 | a a a 279441 
3566:90 | 0:05 2n “a ‘. ,, 28027-0 
3562-23 | 0-10 | in | 356225 | . | ., | 280638 
| 354814 | 0:05 2n 354815 | 1:07 8-6 28175°2 
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BARIUM (ARC SPECTRUM)—continued. 


Reduction to 


Wave- | Limit | Intensity Previous ee a Yaeunin Oscillation 
length of and Measurements Rowland’s Frequency . 
(Rowland) | Error |Character (Angstrém) Map ner ro in Vacuo 
3544-94 | 0:10 6nr 3544-0 absent 1:07 8-6 28200°6 
3525°23 | 0:10 6nr 3524°5 3525°22 Ps ps 28358'3 
3501:29 | 0°05 | 10r 3499°2 3501°20 | 1:06 8:7 28552°2 
3420-48 | 0:10 4r 3419-3 absent 1:04 8-9 29226'8 
337719 | 0:10 4rbv 3375°6 3377'29 | 1:03 | 9:0 29601°4 
3357:00 | 0:10 6rb’ 3354'8 absent 1:02 SH 29779°4 
332306 | 0°10 4bv 3320°9 3322°95 | 1:01 9-2 30383°6 
3315:90 | 0:10 2n absent os iz 30148°6 
$3298'25 | 0:10 4bv 3298'25 3 9:3 30009°8 
3281:96 | 0-10 4bv 3279'8 3281:97 | 1:00 5 30451°0 
$3262°57 | 0:10 2b’ 3261:0 “ 9-4 30641°3 
3223:11 | 0:20 In 0:98 95 31016°4 
3204:09 | 0:20 In » ie 31200°6 
318445 | 0°30 In 0:97 9°6 31393°0 
$3119-48 | 0°50 In 0:95 9°8 32046°8 
3108°37 | 0°50 2n Fr ‘3 321614 
3071°71 | 0:03 6r 3070°3 0:94 | 10:0 325452 
2785°22 | 0°15 8n 2785°1 0-87 | 11:2 35892°6 
2771:51 | 0°10 6 2771°0 0°86 360702 
270278 | 0:03 4r 2702-0 0°84 | 11°5 36987'4 
2647°41 | 0:05 4 2647:0 0°83 | 11°83 37760°9 
2641-52 | 0:05 4 ” ” 378452 
2634-91 | 0:05 8 2634°5 0°82 | 11:9 37940°1 
2596-89 | 0:05 4r 2596°7 0°81 | 12:71 38495°5 
234767 | 0:05 6 2347-0 0-75 | 13°6 42581°8 
2335°33 | 0:05 8r 2335:0 0°74 = 42807:0 
230432 | 0:05 8r 3045 0:73 | 13°8 43383-0 
2254-80 | 0:10 4 0:72 | 14:1 44535°7 
2245°72 | 0:10 4 5 14:2 44515°0 
2216°64 | 0:10 1 0:70 | 14:3 45099-0 
t See Iron. 


Mercury (Arc Sprecrrum). 


Kayser and Riinge (‘ Ueber die Spectren der Elemente,’ Pt. IV. Berlin, 1891). 
oe ee | ee ee a Ee Sa 


Wave- 
length 
(Rowland) 


5819-05 


5804-28 
5790°49 
5769-45 
5460°97 
5365°25 
4959-74 
4916-41 
435856 
4347°65 
4339-47 


1892. 


Limit of Intensity 


Error 


Character Cnesintnd 
In 5817 Huggins 
2bv 5800s, 
10r 5789°6 Thalén 
10r BUGS 1a; 
10r 3f | 54606 ,, 
In 53646, 
2b’ 49586, 
6b’ 49161, 
10r 3+ |{43581 sy, 
6bY {4348-0 Hartley & Adeney 
4b 43410 


and 


Previous Measurements 


” 


Reduction to 
Vacuum 


Oscillation 
Frequency 
Ae De, in Vacuo 
A 
1:72 51 17179°8 
VEAL sy 17223°6 
as - 17264°6 
1:70 és 17327°6 
1°61 54 18366°4 
1:59 55 186330 
1:47 6:0 201563 
1:46 a 203340 
1:30 68 22936°6 
» | 69 229940 
1:29 5) 24037°-4 


P 
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MERcuRY (ARC SPECTRUM)—continued. 


Wave- 
length 
(Rowland) 


4078:05 


4046-78 
§3984-08 
3908'4 

$3820°6 
§3790°36 
3770°71 
3751:83 
3680°74 
366325 
365494 
3650°31 
3561:53 
3543-65 
3390°50 
3367:03 
3351:52 
3341-70 
3305-23 
3264-33 
§3144-61 
3135'89 
3131-94 
3131-68 
§3125°78 
3095°35 
3085°41 
3050°58 
3038-69 
3027°62 
3023°71 
3021°64 
3011:17 
3007°02 
2967-37 
§$2925:51 
2893°67 
2865'14 
2857-07 
2847°85 
2835:26 
2819:97 
$2803:69 
2799:76 
$2774-68 
§2759:83 
275291 
2699°74 
2686°61 
2675:20 
2672:77 
2660-26 
2658°59 
2655:29 
2653-89 


Limit of 
Error 


Intensity 
and 
Character 


8r 3t 


6r 
4 

In 
in 


Previous Measurements 
(Angstrém) 


{4077-5 Hartley & Adeney 


£40465 . 
3984-0 7 
3910°0 Vogel 
3820°0 Hartley & Adeney 
3790-0 e 
3770°0 7 
3751-0 53 
3681'9 “5 

{3662°9 - 

$3654-4 x 

t 
3560°1 “s 
3542°3 # 
3389°5 rs 
3365°5 3 
3351-2 ms 
3341:2 i 

I 3130+4 i | 
31245 FA 
30940 53 
3021-0 5S 
29664 “3 
2925'2 3 
28929 + 
2846'8 35 
2832'1 a 
2819°7 5 
2804°5 = 
2798°5 x 
27732 3 
2760°8 5 
2751°5 * 
2702°0 te 

»” 
2657°6 3 
$2652°2 mH 


Reduction to 
Vacuum 


Oscillation 
Frequency 
in Vacuo 


245142 
24703°6. 
25092°3 
25578°2 
26166°0 
263748 
26512°2 
26645°7 
27160°4 
27289°9 
27351°9 
27386°6 
28069:2 
282109 
29485°2 
29690°7 
29828°1 
29915°8 
30245°9 
306248 
31790°7 
31879°1 
31919°3 
31921°9 
31982°2 
32296°6 
32400°7 
32770°6 
32898°8 
33019°1 
33061°8 
33084:5 
33199°5 
33245°3 
33689°5 
341715 
34547°5 
34891°5 
3499071 
35103°3 
35259°2 
35450°4 
35656°2 
357063 
36029-0 
36222°8 
36313°9 
37029-0 
372100 
373687 
374027 
37578°6 
37602°2 
376489 
37668°7 
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Mercury (Arc SPECTRUM)—continued. 


: | Reduction to | 
Wave- | Limit of | Intensity Previous Measurements hen Oscillation 
length Error and (Angstrém) Frequency 
(Rowland) Character rie it, in Vacuo 
| 
2652°20 0:05 8r t 0°83 | 11°8 37682°7 
2648°12 0:20 In ” »” 37750°8 | 
2642-70 0:10 6b* 2644°6 Hartley & Adeney Ae * 37828°3: 
2609:73 0:20 In 0°82 | 12:0 383061 | 
2605:29 0-10 2n 2602°3 + oO: a 38371°4 
§2576°31 0:10 SbY 5t | 25753 5 0°81 | 12:2 38803:0 
256414 0-10 1 0:80 A 38987°2 
2540°39 0-10 2r r 12°4 39351°6 
. 2536°72 0:20 |10rb 2535'8 * 3 P 39408°6 
2534°89 0:05 8r 5* | 2533°8 % Fe 534 39437-0 
2524°80 0-10 2b* 2522-7 A 0:79 | 12°5 395946 
250500 0:50 In He 126 39907-6 
2482°14 0:20 4n 6* | 2484-2 - 0-78 | 12:7 40274-1 
2478-09 | 050 | 2n 2477-7 ox a J 40341-0 
2464-15 0:05 6bY St | 2463-7 on > 12°8 405691 
244696 0:10 6bY 6+ 0:77 | 12:9 408541 
2412°31 0-10 4bv 0-76 | 13°2 41440°8 
2399°64 | 0-20 | 4n 7* 2 é 416597 
237840 0-15 6bY 6* 0-75 | 13°3 42031°8 
237410 0°50 2n “ 13°4 42107°8 
2345-41 0:05 AbY 6F | 23422 ss = 13:6 42622°9 
2301-57 1:00 lbv 7* 0:73 | 13°9 4343847 
2262°23 0-15 4 2263°3 - 0-772 | 14-1 4419071 
2260°36 0-15 4 2261°4 *5 3 3 44226°6 
2252°87 0-15 2 2254-0 ay F 14:2 44373°6 
2224-73 0:20 4 2225'7 r 0-71 | 14:3 44935:0 


The lines marked * form a series of triplets for which in the formula 


1 
10° =a—bn—*—en-*, a=40159°60 for the first line, 44792°87 for the second, and 


46560°78 for the third, b=127484, c=1252695. For the triplets marked f+ 
a@=40217-98, or 4485101, or 4661844, b=126361, c= 613268. 

{ Ames (Rowland’s scale) (Phil. Mag., July 1890), 4451-09, 4358-50, 4347-71, 
4077°98, 4046°67, 3663°41, 3663-03, 3654-96, 3650°28, 2653-80, 2652°15. § See Iron. 


Bromine (ABSORPTION). 
Hasselberg, ‘ Kong]. Svenska Vetenskaps-Akademiens Handlingar,’ Bandet 24, 


No. 3, 1891. 
* Double. { Triple. 
é Oscillation : Oscillation 
Intensity and Wave- Intensity and 
perecelength Character Hrequency length Character ee Leal 
6158°79 4 16232°1 
6158:09 7 162340 
Group 6162/-6142 6157-30 iM 162361 
6161-97 4 16223°8 6157-06 16236°7 
6160°64 5 16227°3 6156°78 5 16237°5 
6160-00 3 16229:0 6156-55 16238°1 
6159-69 3 16229°8 6156°25 4 16238°8 
6159°34 4 16230°7 6155-73 4 16240'2 
615903 2 16231°5 6155°45 7 16241:0 


P2 
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BROMINE (ABSORPTION)—continued. 


Intensity and 
Character 


=] 


© 


inl 


3n 
3n 
Bae b 


Group 6142|-6122 


6141°37 
6141-09 
6140°81 
6140-48 
6140°16 
6139°84 
6139°56 
6139°16 
6138-84 
6138°55 
6138-24 
6137-64 
6136-42 
6136-11 
6135°70* 
6135°21 
6134-78 
6134:37 
6133°98 
6133°53 
6133713 
6132'73 
6132°34 


He He CO He He He He He CD He bo DO bo bo RO CO HR WO Dw tO 


Oscillation 


| 


Wave- Intensity and 

Pregneey | length Ciiteaelae 
162424 || 6131-92 3 
16243°3 |} 6131-59 4 
16244°3 613119 i 
16246°5 6130°78 3 
162474 | 6130°41 4 
16248°4 || 6130:08 3 
16249°0 6129°69 4 
16250°2 6129-31 3 
16250°9 | 6128-97 3 
16252°0 6128°52 3 
16252°6 | 6128°22 4 
16253°8 6127-86 3 
16255°6 || 6127°59 3 
16256°6 | 6127-40 2 
16257°2 «|| ~6127:21 2 
1625871 6126°96 - 3 
162590 6126-73 2 
16259°7 || +6126°51 3 
16260°2 6126-21 4 
16262°3 6125°69 4 
16263°0 6125°36 2 
16263°9 6125°12 6 
16265°3 6124°54 5 
16266-0 6124-01 6 
16268°8 6123°50 5 
16270°6 | 612302 5 
16271:7 
16272°5 
16273°4 Group 6122)|-6103 
162743 

6122°47 © 

6122°00 0 

6121°60 4 

6121-15 4 
16278'2 6120°77 4 
162789 6120°57 2 
16279°7 6120714 2 
16279°6 6119°97 2 
16281°4 6119°66 3 
16282°3 6119°36 3 
162830 6119°09 4 
162841 6118°77 3 
16284:9 6118°45 3 
16285°7 6118°10* 3 
16286°5 611761 tf 
16287°1 6117°23 4 
16291°3 6116°47 iO bp 
16292°2 6115-67 4 
16293°3 6115°26 A 
162946 6114°80 
16295°7 6114-37 3 
16296°8 611405 5n 
16297°8 6113-44 5n 
16299°0 6112-70 5 
16300°1 6112°47 b 
16301-°2 6112717 2 
16302°2 6111-90 4 


Oscillation 
Frequency 
in Vacuo 


16303°3 
163042 
16305:2 
16306°3 
16307°3 
16308-2 
163092 
16310-2 
16311:2 
16312-4 
16313-1 
163141 
16314'8 
163163 
16315-8 
16316:5 
163171 
16317-7 
163185 
16319-9 
16320°8 
16321-4 
16323-0 
163244 
16325°7 
16327-0 


16328°5 
16329°7 
16330°8 
16332°0 
16333-0 
16333°5 
1633847 
16335°1 
16336-0 
16336°8 
16337°5 
16338°3 
16339°2 
16340°1 
16341°4 
16342°5 
16344°5 
163466 
16347°7 
16349:0 
16350°1 
16351°0 
16352°7 
16354°6 
163552 
16356-0 
16356°7 


ee 
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BROMINE (ABSORPTION)—continued. 


Oscillation 


Oscillation 


Wave- Intensity and Wave-~ Intensity and 
length Giana oe length Character eg beat 
6111:36 4 163582 || 6091-30 2 16412°1 
611113 5{ 4, 16358'8 || 6091-08 3 16412°6 
6110-84 2 163596 || 6090-81 2 16413°4 
6110°51 4 16360°4 6090-58 5 164140 
6109-76 5 16362°4 6090:15 2 16415°2 
6109°45 ah. 163633 | 6089-83* 5 16416:0 
610916 4 16363°1 || 6089-31 4 16417°4 
6108-49 6© 163659 || 6088-79 3 16418°8 
610818 2 16366°7 6088°53 3 16419°5 
610790 4 16367-4 6088:12 5 16420°6 
6107744 2 16368°7 6087°56 2 164221 
6107-22 4s 16369'3 6087-26 3 16422°9 
610695 3s 16370:0 6087-01 2 16423°6 
6106:62* 3 163709 | 6086-79) 4 16424-2 
6106-27 3 16371°8 || 608639 ¢ 164253 
6105-95 4 163727 || 6086-20 4 16425'8 
6005°61 3 16373°6 6085-92 2 16426-6 
6005:34 3 16374:3 6085-57 6 16427°5 
6005:06 } 4b 16375:1 6085-32 3 16428:2 
6004:37 } (4 lines) 16376:9 || 6085-02 4s 16429-0 
6004-02 3 163778 || 6084-78 4s 16429°6 
600357 4 163780 || 6084°54 2 16430:3 
6084°31 As 16430°6 
6084:07 4 16431-6 
Group 6103)-6079 6083-75 4 164324 
6103:24 3 16379°9 6083-20 8 16433:9 
610276 2 16381-2 6082°50* 6 16435:8 
6102-04 5 16383'2 6082-03 4 16437-1 
6101-61 3 163843 6081-75 5 16437°8 
6101-26 4 16385°3 6081-52 4 16438°5 
6100-92 3 16386-2 6081-10 4 16439°6 
6100°64 4 16386°9 6080:93 5 16440-0 
6100-21 5n 163881 6080-36 7 16441°6 
6099:77 4 16389°3. | 6079-78 6 16443-2 
6099°47 3n 163901 || 6079-11 5 16445:0 
6099-12 4n 16391:0 
6098-74 5 16392:0 
609833 4 16393'1 Group 6079/-6066 
6097-97 4b 16394:1 6078:54 } 5 16446°5 
ear (3or4lines)| 163961 6078°32 j 16447°1 
6096-48 4 16398:1 6077°85 6 16448°4 
6095°95 3 16399°5 6077-49 2 16449°4 
6095°74 3 164001 6077:23 6 16450°1 
6095-50 3 16400:7 607683 3 16451°1 
6095-04 3b 16402-0 6076-42 3 16452°3 
6094-70 4 16402:9 6076°14 3 16453-0 
6094-51 \ 16403°4 6075°67 4 16454:3 
6094-01 4 16404:7 6075:39 4 16454:9 
6093-70 3 16405-6 6075-06* 4 16455°8 
6093-46 2 16406-2 6074:73 4 16456°7 
6093-22 4 16406:9 6074-39 4 16457°7 
6092°76 2 16408:1 6074-12 4 16458-4 
6092°50 2 16408'8 6073:86 3 16459°1 
6092-25 3 16409°5 6073-44 5 16460°2 
6092:01 3 16410°1 6073-08 4 16461-2 
6091-78 3 16410-8 6072:72 4 16462°3 
6091°52 3 164114 6072°35 4 16463-2 
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BROMINE (ABSORPTION)—continued. 

. Oscillation c 

7 Intensity and : Intensity and 
Wave length Charantat a aquenty Wave-length | “Ghara ee 
6071°96 3 16464°2 6050°41 5 
6071°65 3 16465°1 6049°97 4 
6071°31 5 16466°0 6049°73 ft 
6070:95 2 164670 6049°42 4 
6070°68 3 16467°7 6049-13 3 
607047 5 16468°3 6048°76 5 
6070°14 3 164692 6048-43 4 
6069°61 6n 16470°6 6048°10 3 
6069:02 2 16472°2 6047°80 4 
6068°75 4 16473°0 6047-42 4 
6068-50 3 16473°6 6047:09 4 
6067-75 5 16475°7 6046-75 4 
6067:19 3 16477°2 6046°46 5 
6066°86 4 1647871 604614 2 
6066°41 3 16479°3 6045°82 4 
606607 5s 16480°2 6045°55 | 4 
6045715 y 
6044°91 3 

Group 6066)/-6042 6044-58 4 
6065-29 5 164824 6044°31 3 
606496 3 16483°3 6044-00 1 
6064°50 6 16484°5 6043°66 3 
6063°62 5 16486°9 6043°38 3 
6062°85 t 16489°0 6043:05 + 
6062°39 3 16490°2 6042-69 2 
6062°13 4 164910 
6061- 4 16491°6 
pee i i aDere Group 6042|_6003 
6061-22 3 16493°4 6042-20 4 
6060°70 4s 16494°8 6041°79 i 
6060°32 3 16495°9 6041°54 3 
605997 3 16496°8 6041°28 4 
6059-64 2 164977 6040°96 2 
6059°36 3 16498°5 6040°56 4 
6059-05 3 16499°3 6040716 L 
605872 4s 16500°2 6039°74 5 
6058°38 2 16501°2 6039°42 5 
6058°11 2 16501°9 603897 4 
6057:80 3 16502°7 6038-60 4 
6057-49 3 16503°6 6038°16 5 
6057-09 4 16504-7 6037°86 5 
6056°86 4 1650573 6037-43 + 
6055°95 6 16507°8 6037:09 4 
6055°76 6 165083 6036°70 5 
6055°22 6 16509°8 6036°36 5 
605478 6 16511-0 6035-91 4 
6054:25 6 165124 6035°53 4 
6054-04 3 165130 6035-22 4 
6053°74 4 16513°8 6034-88 3 
6053°34 5 16514°9 6034°55 3 
6052-70 16516°6 6034°29 4 
6052°47 5 16517°3 6033°94 3 
6052712 4 165182 6033°71 3 
6051-82 4 16519-0 6033°52 3 
6051°37 5 16520°3 6033°26 3 
6051-01 4 16521°3 6033-01 2 
6050°74 4 16521-0 6032°75 2 


Oscillation 
Frequency 
in Vacuo 


16522°9 
16524°1 
16524:7 
16525°6 
165264 
165274 
16528°3 
16529°2 
16530:0 
16531°1 
16532:0 
165329 
16533°7 
16534°7 
16535°4 
16536°2 
16537°3 
165379 
16538'8 
16539°6 
16540°4 
16541°4 
16542°1 
16543-0 
165440 


16545°4 
16546°5 
16547-2 
16547°9 
16548'8 
16549°9 
165509 
165521 
16553°0 
165542 
165552 
16556°4 
16557°3 
165584 
16559°4 
16560°4 
165614 
16562°6 
16563°6 
165645 
16565-4 
16566°3 
16567°0 
16568:0 
16568°6 
16569°2 
16569°9 
16570°6 
165713 
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BROMINE (ABSORPTION )—continued. 


Wave-length I 


6032°49 
6032°13 
6031:88 
6031-33 
6030:95 
6030-25 
6029:87* 
6029:47 
6029-17 
6028-72 
6028-22 
6027°67 
6027-08 
6026-79 
6026:52 
6026-15 
6025-80 
6025-19 
6024-90 
6024-72 
6023-87 
6022-93 
6022-43 
6022-00 
6021°58 
6021-02 
6020-15 
6019-69 
6019-41 
6018-92 
6018°66 
6018-40 
6017°73 
6017:18 
6016°56 } 
6015-97 
6015:60 
6015-27 
6014-64 
6014-45 
6014-15 
6013-46 
6013-00 
6012-36 
6011-98 
6011-73 
6011-28 
6011-02 
6010-47 
6010-10 
6009:80 
6009-50 
6009-23 
6008-61 
6008-26 
6008:03 
6007°56 


s scillation c Oscillation 
ntensity and Tredtedoy Wave-length Intensity and | Frequency 
Character bain pie Character in Vacuo 

4 165720 6007°25 2 16641°6 
4 16573°0 6007:00 \ 4b 16642°3 
4 16573°7 6006°81 16642°9 
4 16575°2 6006°53 \ 5b 16643°6 
4n 16576°2 6006°34 16644:2 
3 16578:°2 6006'07 4 16644:9 
5 16579:2 6005:83 4 16645-6 
3 16580°3 6005°61 4 16646:2 
5 16581°1 6005°32 4 16647:0 
16582°4 600510 4 16647°6 
3 16583°7 600484. 4 16648:3 
4 16585'3 6004:60 2 16649°0 
3 16586°9 6004°35 4 16649°7 
4 16587°7 6004:00 4 16650°7 
2 16588°4 6003°66 4 16651°6 
2 16589°4 
5n 16590°4 
9 16592"1 Group 6003|-b977 
5 16592°9 6003-28 4 16652°7 
16593°4 6002-70 3 166543 
5 16595°7 6002°38 3 16655°2 
5 16598°3 6002°11 2 16655°9 
2 16599°7 6001°83* 3 16656'7 
6 16600°9 6001°47 3 16657°7 
3 16602°0 6000:97 3 16659°1 
6n 16603°6 6000°55* 2 16660°2 
6n 16606:0 6000:00 3 16661°8 
3 16607°3 5999-61 4 16662'8 
5 16608:0 5999°15* 2 1666471 
16609°4 5998°72 3 16665°3 
4 16610°1 599829 3 16666°5 
6 16610°8 5997-94* 4 16667°5 
6n 16612°7 5997°42 8) 166689 
6b 16614°2 5997°05 3 16670:0 
16615°9 5996-72* 4 16670°9 
4 16617°5 5996°30* 4 16672-0 
3 16618°5 5995°88 3 16673°2 
4 16619°4 5995°50 3 16874:3 
3b 16621°2 5995°11 5 16675°4 
3b 16621:7 5994°63 4 16676:7 
4b 16622°6 5994:24 4 16677°8 
6 16624°5 5993°86 4 16678°8 
5b 16625°7 5993°54 4 16679:7 
5b 16627°5 5993°10 4b 16680°9 
3 16628°5 5992-60 4n 16682°3 
5 16625°9 5992°12 4n 16683°7 
6 16630°5 5991°63 5n 16685-0 
16631°2 5991°18 4 16686°3 
5b 16632°7 5990°88 3 16687°1 
2 16633'8 5990°57 4 16688:0 
4 16634°6 5990°23 3 16688'9 
2 16635°4 5989°92 3 16689°8 
4s 16636°2 5989°59 3 16690°7 
4 16637°9 5989°32 3 16691°5 
6 16638°8 5989-00 4 16692°4 
6 16639°5 5988°64 2 16693°4 
4 16640°8 5988'43 2 16693-0 
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BROMINE (ABSORPTION)—continued. 


: Oscillation ‘ Oscillation 
Intensity and 4 Wave- Intensity and 
Wiese pbeth ameabier ok length Giasctier pide ba 
5988717 3 166947 5967°42 4 16752°8 
5987°64 3 16696°2 5967:00 4© 16753°9 
5987°15 3 16697°5 | 596672 4 16754°7 
598691 3 16698°2 5966°29 6b®© 167559 
5986°67 3 16698°9 16756°7 
598616 3 16700°3 | 5965-62 ri 16757'8 
5985:95 | 4 16700°9 | 5965-41 | 167584 
5985°36 | (4 lines) 16702°5 , 5964:97 6 16759°6 
5984-79 4 16704°1 5964°35 6 16761°4 
5984-50 3 16704°9 5962°95* 5 16765°2 
5984°31 2 16705°5 5962°39 5 167669 
5983°67 3 16707°2 5962-02 5 16767°9- 
5983°37 4 1670871 5961744 6 16769°6 
5982°98 2 16709°2 | 5961-06 6 16770°6 
5982°65 6 16710°1 5960°54 6b 16772°1 
5982-34 6 16711:0 | 5960-716 6 16773°2 
5981-55 6 16713:2 | 5959-61 5 167747 
5981°30 6 16713'9 5959-22 6 16775°8 
5980°59 5 16715°9 595861 5 16777°5 
5980°25 6 16716'8 5958-32 6 16778°4 
5979°62 4b 16718°6 | 5957°82 5 16779°8 
5979-18 16719°8 5957-46 5 16780°8 
5978°84 4 16720°7 5956784 5 16782°5 
5978°55 16721°6 | 5956°38 3 16783'8 
sare | 4 16722°2 5956-03 4n 167848 
5978°12 16722°7 | 6955°50 4 16786'3 
5977-61 3 167242 595516 4 16787°3 
5977-34 3 16724°9 595494 3 16787°9 
5954°52 4 16789°1 
5954-23 3 16789°9 
Gronp:fo77)-G949 5954-00 2 16790°5 
5976°88 2 16726°2 5953°74 4 16791°3 
5976°67 2 16726°8 595347 4 16792:0 
5976°41 3 16727°5 5953°13* 4 16793°0 
597617 5 16728°2 5952°24 3s 16795°5 
597595 2 167288 5951:97 4s 16796°3 
5975°44 4 16730°3 5951°61 2 16797°3 
5975°18 4 167310 5951-24 4s 16798°3 
597489 4 16731'8 5950:90 2 16799°3 
5974°62 4 16732°6 5950°61 3 1680071 
5974:34 4 16733°3 5950°41 3 16800°7 
5973°95 3 16734:4 5950716 2 16801°4 
5973°67 4 16735°2 ' 6949-96 2 16801°9 
5973°15 3 167367 5949°82 2 16802°3 
5972°81 4 16737°6 5949-61 4s 16802°9 
5972°52 2 167384 || 5949-27 2 16803°9 
5971:97 4 16740:0 
5971:64 3 9 
5971-22 4 seater Group 5949}-5935 
5970°86 2 16743:1 | 5948-67 4 16805°6 
5970°45 4s 167442 || 5948-18* 5b 16806:0 
5970:09 2 16745°3 || «—~5947°53 4 16808°8 
5969°68 4s 16746°4 5947-24 2 16809°5 
5969°41 2 16747:2 5946°95 3} 168104 
5968:92 4s 16748°5 5946-64 2 16811°3 
5968:18 3s 16750°6 5946°40 3 16811°0 
5967°66 4 167521 5946:09 3 16812°9 


ON WAYE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 217 
BROMINE (ABSORPTION )—continued. 
Wave- Intensity and hone ena |  Wave- Intensity and hain 
length Character in Vacuo | length Character ia Cicao 
5945-82 5 16813°6 5924:98 4 16872°7 
5945-07* 4 16815'8 5924-62 6 16873°7 
5944-59 5 168171 || 5924°23 8 168748 
594392 5 16819°0 || 5924:00 8 168755 
5943-42 5 168204 || 5923-49 3 16876°9 
5943-00 4 16821°6 5923°20 4 16877°8 
5942-73 6 16822°3 5923-01 2 168783 
5942-28 5 16823°6 5922-80 4 16878°9 
5941:98 4 16824°4 5922°51 3 16879°7 
5941°67 5 16825°3 5922711 5 16880°9 
5941°14 5 16826°8 5921-76 2 16881:9 
5940°78 2 16827°8 5921-44 4 16882°8 
5940°54 4 16828°5 592117 5 16883°5 
5940-02 4 16827°5 5920-86 2 16884-4 
5939°60 3 16831:1 5920°64 4 16885°1 
5939-26 5 16832°1 5920:03 4 16886°8 
5938:90 5 168331 || 5919-69 3 16887'8 
593849 3 168343 || 5919-40 4 16888°6 
593822 4 16835:1 = ||_-~«5919°09 3 16889°5 
5937°91 4 16835°9 || 5918-79 4 16889°3 
593752 4 16837:0 5918°54 4 168911 
5937°22 4 16837°9 5918-33 2 16891:7_ | 
eee 4 16838°9 || 5918:07* 4 16892°4 
5936-65 16839°5 5917°73 3 16893°4 
5936°20 4 16840°8 5917-52 4 16894:0 
5935°87 4 16841-7 5917-29 3 16894-6 
5935-58 3 16842°5 5917-08 3 16895°2 
5935-23 4 16843°5 5916°85 3 16895°9 
5916°60 5 16896°6 
Group 5935)-5896 (D,) 5916°36 4 16897°3 
593460 fer o2 16845°3 5916-13 3 16897-9 
593426 4 16846°3 5915-92 4 16898°5 
593392 4 16847'3 5915°57 3}b 16899°5 
5933-64 2 16848°1 591532’ ea 16900°2 
5933°36 5 16848'9 5915-06 2 16901-0 
5933°04 5 16849°8 5914°86 4 16901°6 
5932°74 3 16850°6 =|} + 5914-47 2 169027 
5932-43 5 16851°5 591417 2 16903°5 
5932:05 4 16852°6 5913°88* 3 16904-4 
5931°83 4 16853°2 5913°47 4 16905°5 
593155 4 168540 , 5913-21 } 16906°3: 
5931°10 4 16855°3 5912-96 3 16907:0 
5930°78 3 16856°2 5912°53 3 16908-2 
5930°53 4 16856-9 || 591231 2 16908°9 
5930°22 4 16857'8 5912-00 3 16909°7 
5929-33 6 16860°3 5911°81 3lb 16910°3 
5928°88 3 16861°6 5911:01 ) 16912°6 
5928°60 4 16862°4 5910-74 2 16913°3 
5928-03 4 16864:°0 5910°48 3 169141 
5927-74 3 16864'8 5910-21 2 169149 
5927°46 2 16865°6 5909795 2 16915°6 
592715 Bhp 16866°5 || 5909-79 2 1691671 
5926°72 4 16867°'7 =| 5909°54 2 16916°8 
5926°42 5 16868°6 || 5909:24 2 16917°6 
5926°10 5 16869°5 5908°91 2 16918°6 
5925-63 5 16870°8 5908°59 2 16919°5 
5925°32 5 16871:'7 | 5908-29 2 16920°4 


218 


Wave- 

length 
5907794 
5907°68 
5907°38 
5907:09 
5906°75 
5906°13* 
5905°73 
5905°50 
5905°22 
590494 
5904°36 
590402 
5903°69 
590311 
5902-73 
5902°44 
5902°13 
5901°82 
5901-43 
5901712 
5900°75 
5900°31 
5899-93 
5899°66 
§899°31 
5898-45* 
5898-06 
5897°83 
5897-50 
5897°10 
5896-78 


“1 
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BROMINE (ABSORPTION )—continued. 


Inten sity and 
Character 


~~" 


n 


1] 


© 


Se OU OTH Ot > > He BS He OO BD He OU He He He He C2 09 G2 Se RO He BS OO He OBO He He 


Group 5896|(D,)-5862 


5895°95 
5895°68 
5895°34 
5895-01 
5894-61 
589437 
5894-11 
5893°86 
5893°62 
5893°37 
5892-95 
5892-71 
5892°34 
5891-98 
5891-43* 
5891-04 
5890°81 
5890°57 
5889°64 
5889-15 
5889-00 
5888°74 
5888°56 


GS CO OS He He Co DO CO > HR HR 00 DO Go OO Oo to WH WR WD OD 


Oscillation 
Frequency 
in Vacuo 


16921°4 
16922°1 
16923°0 
16923°8 
16924°8 
16926°6 
16927°7 
16928°4 
16929°2 
16930°0 
16931°6 
16932°6 
16933°6 
169352 
16936°3 
16937°1 
16938:0 
16938°9 
16940:0 
16940'9 
16942:0 
16943°3 
169443 
16945°1 
16946°1 
16948°6 
16949:7 
169504 
16951°3 
16952°5 
169534 


16955°8 
16956°6 
16957°5 
16958°5 
16959°6 
16960°3 
16961°1 
16961'8 
16962°5 
169632 
169644 
16965°1 
16966°2 
16967°2 
16968'8 
16969:9 
16970°6 
16971°3 
16974:0 
169754 
16975°8 
16976°6 
16977°1 


| 
| 
| 
| 


Reesncat a Oscillation 

Wave-length Wee y anc’) Frequency 

aracter in Vacuo 
5888°37 2 16977°6 
588810 4 16978°4 
588781 2 16979°2 
5887°53 3 16980°0 
5887:27 3 16980°8 
5887-00 5 16981°6 
5886°59 3 16982°8 
5886712 4 16984°1 
5885°81 3 16985:0 
5885°45 4 16986:0 
588504 5 16987'2 
5884°66 3 16988°3 
5884:30 4 16989°4 
588390 4 16990°5 
5883°54 t 16991°6 
5883°13 4 16992°7 
5882°78 3 16993°8 
5882°36* 5 16995°0 
5882°04 4 16995'°9 
5881°63 4 16997°1 
5881°34 4 16997°9 
5880°96 t 16999:0 
5880-71 3 16999°7 
5880:33 t 17000°8 
5880-08 3 17001°6 
5879-77* 3 17002°5 
5879-44 5s 17003°4 
5879-09 4 17004°4 
5878°75 4 17005°4 
5878°46 4 170063 
587818 4 17007:1 
5877°89 4 17007:9 
5877°60 4 170087 
5877:12 4 1701071 
587681 3 17011°0 
5876752 + 170119 
5876°27 4 17012°6 
587601 4 17013°3 
5875°74 4 170141 
5875°47 4 170149 
5875°26 3 70155 
5875710 3 17016:0 
587487 4 17016°7 
587462 3 17017°4 
587437 2 170181 
587414 4 b 17018°8 
5873°56 5 } 17020°4 
5873-00 4 170221 
5872°71 3 17022°9 
5872°52 3 17023°5 
5872731 3 17024'1 
587209 3 170247 
5871:90 2 17025'3 
5871°65 4 17026'0 
5871:19* 4 17027°3 
5870°83 3 17028°4 
5870°53 3 17029°2 


ee ee ee 


—_ | 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 


BROMINE (ABSORPTION )—continued. 


Wave- 


Intensity and 


Oscillation 


length Character Peay 
5870:23 2 17030°1 
5869°91 qs 17031:0 
5869-46 4 17032:3 
5868-93 3 17033°9 
5868°58* 5 170349 
586817 4 170361 
5867°87 2 17037:0 
5867°59 3 17037°8 
5867-37 ate 17038-4 
5866:75 3 17040:2 
5866-00 4 17042-4 
5865-72 4 170432 
5865-41 2 170441 
5865-08 3 17045°1 
5864:83 4 17045°8 
5864:57 3 17046°5 
5864:27 3 17047-4 
5863°95 3 17048°3 
5863:66 3 17049-2 
5863°31 4 17050-2 
5863-03 1 17051:0 
Group 5862|-5832 
5862°38 4 17052:9 
5862-11 4 17053'7 
5861°59 3 17055:0 
5861-30 3 1705671 
5861-05 3 17056°8 
5860:76 3 17057°6 
5860°52 3 17058°3 
5860°23 3 17059°2 
5859°57 2 17061°1 
5859°37 2 17061°7 
585911 31, 17062°4 
5858-41 3 | 17064:5 
5857-38* 3 17067°5 
| 5856-97 4 17068°7 
5856-60 3 17069°7 
5856-35 4 17070°5 
5855°51 4s 17072:9 
| 5855'36 3s 17073°4 
7 5854:95* 6 170746 
. 5854:52 3 170758 
| 5854-00 4© 17077°3 
5853'43 5 17079:0 
5852:90 5 17080°5 
5852°56 40 17081°5 
5851-90 4 17083°5 
5851:59 3 170844 
5851:32 4 17085°2 
5851-03 2 17086:0 
5850°75 5 17086'8 
5850-41 3 17087°8 
5850-07 4 17088°8 
5849-74 5 17089°8 


| 
| 


219 
F | Oscillation 
Wave-length ne ae Frequency 
pracy in Vacuo 
5849°46 3 17090°6 
5849°17 4 17091°4 
|| 5848°83 5 17092°4 
5848°55 f 170932 
5847°90 4 17095:1 
5847°67 2 17095°8 
5847°40 4 17096°6 
5847:18 17097°2 
5846°93 2 170980 
5846°59 5 17099°0 
5846°34 6 17099°7 
| 5846-06 2 17100°5 
5845°82 4 17101°2 
5845°52 5 171021 
5845:23 2 171030 
584478 6 171043 
584450 2 171051 
5844-22 5 17105°9 
584393 4 17106°8 
5843°44 6 17108°2 
5843°10 5 17109°2 
| 5842-82 3 17110°0 
5842°58 3 17110°7 
5842°39 2 17111°3 
5842-12 3 17112°1 
5841°81 4 171130 
5841-60 2 17113°6 
5841°34 2 171144 
5841-08 4 alg Wp aya 
5840°86 a 171158 
5840°66 3 17116°4 
5840°46 4 17116°9 
5840:06 3 17118-1 
5839°73 3 171191 
5839-44 3 17119°9 
| 8539:19 3 17120°7 
| 5838-81 6 17121°8 
5838°61 3 17122°4 
5838°16 7 17123°7 
5837°59 7 17125°3 
5837:16 3 17126°6 
5836°95 6 17127°2 
583641 7b 17128°8 
583592 4 1713071 
5835°66 2 17130°9 
5835°44 2 17130°6 
5835°15 4 17132-4 
5834°89 3 171332 
5834°56 2 171341 
5834:20* 4 17135°2 
5833°80 5 17136°4 
5833°49 4 17137°3 
5833°25 2 17138°0 
5833-00 3 17138°7 
5832°75 2 17139°5 
5832°43 6 17140°4 
5832718 3 17140°9 


220 
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REPORT— 1892. 


BROMINE (ABSORPT1ON)—continued. 


lerteath: Intensity and Op ie Ww lene 
Wave-leng @iacaotiiy er ave-leng 
Group 5832|-5807 | peed 
5831°60 3 17142°9 5811°54 
5831°37 | 4 171435 || 581116 
5831-09 f 17144°3 || 5810-92 
5830°89 4 171449 || 5810-62 
5830°53 3 17146-0 5810°37 
5830°22* 4 17147°9 5809°84 
5829°85 4s 17148-0 5809-57 
5829°59 4s 17148'8 5809-23 
5828'60 6n 17151:7 5808°87* 
5827-69 3 171543 5808-45 
5827-42 2 17155°1 5808-15 
5827-13 3 17156:0 5807-95 
582671 2 17157-2 5807°54 
5826-43 2 17158°1 5807°35 
582619 4 17158'8 
5825:98 2 1715974 
5825-74 3 17160°1 Group 5807 
5825-28 3 171615 —||_-«55806°83 
5825-04. 3 17162:2 || 5806:60 
5824-77 3 171630 || 5806-38 
5824-27 3 171644 || 5806:02* 
5823-88 4 17165°6 5805-60 
5823-56 3 17166°5 5805-36 
5823-34 4 17167-2 5805°10 
5823°10 2 17167°9 5804-91 
5822-91) Ab 171684 || 5804-60 
5822-42 ¢ 17169:9 5804:35 
5822-04 3; 17171:0 || 5804-08 
5821°81 2 17171-:7—-||_-«5803°87 
5821-56 3 17173°4 5803-64 
5821-38 2 17173-0 5803-29 
5820-96 3 171742 5802-82 
5820-73 3 171759 || +5802:26 
5820-48 3 171756 || 5801-88 
5820-24 3 171763 || +5801-54 
5819-81 3 171776 ~=|| +5800-93 
5819-42 3 171787 || 5800-58 
5819-20 3 17179'4 = ||_-—«#5800-35 
5818-67 3 17181:0 5800-12 
5818-33 3 17182:0 5799-77 
5818-14 3 17182°5 5799°51 
5817-90 Eines 17183:2 5799-23 
5817-07 17185°7 579875 
5816-26 4n 17188:1 5798-48 
5815°82* 3 17189°4 5798-15 
5815°52 2 17190°3 5797-77 
5815-14 4 17191:4 5797°30* 
5814-76 3 17192°5 5796°81 
5814-34. 4 17193°7 || 5796-43 
5814-12 2 171944 || 5796-19 
5813:77* 4 17195°4 || 5795-95 
5813-43 2 171964 || 5795-64 
5813-16 4 17197:2 5795744. 
5812-71 3 17198-6 5795°23 
5812-41 7 17199°5 579494 


Intensity and 
Character 


PWAAwanwnawniroawwrwa 


-5791 


=] 


COON NEE RW DR WOOL OD PPD ww WW RR Oo HP 


om 


RPWQIAPWRA 


Oscillation 
Frequency 
in Vacuo 


17200°1 
172013 
17202-0 
17203:2 
17203°9 
172048 
17205°5 
172071 
17207°9 
17208°9 
17209°9 
17211°2 
172121 
172127 
172139 
17214°5 


17216-0 
17216°7 
17217°3 
172184 
17219°6 
17220°4 
17221:1 
172217 
172226 
17223°4 
17224:2 
17224°8 
172255 
17226°5 
17228°9 
17229°6 
172307 
17231°7 
17233°5 
172346 
17235°2 
17235°9 
17237-0 
17237-7 
17238°6 
17240:0 
17240°8 
17241°8 
17242°9 
17244°3 
17245°8 
17246°9 
17247°6 
17248°3 
17249°2 
17249°8 
17250°5 
1725173 


—— iT. Se 
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Wave-length 


5794:57 
5794-23 
5794-04 
5793°T7 
5793-41 
579313 
5792-92 
5792°74 
5792°44 
5792°09 
5791-65 


Group 5791 


579104 
5790°81 
5790-46 
5790°19 
5789°77* 
5789-23 
5789-04 
5788°86 
5788°36 
5788°04 
5787°76 
5787°34 
578684 
5786°40 
5785-79 
5785°28* 
578482 
578465 
578413 
5783°84 
5783°54 
5783°12 
5782°83 
5782°46 
578201 
5781°64 
578146 
578113 
578097 
5780°64 
5780:38 
-5780°19 
5779°76 
5779-43 
5779:10 
577874 
5778-47 
5778°21 
5777°73* 
5777°39 
5776:98 
677650 


BROMINE (ARBSORPTION)—continued. 


Intensity and 
Character 


‘a ashy) ee 


—5763 


bo bo OO bo WO BO 


Fy ee tes Ste Ses TES Fe 
i=] 


ow oo H bo 
© 


OO PwwWWIbh aa 
Dw nm 


nn 


COND WR we > Pp 


Oscillation | : Oscillation 
# Intensity and 
Frequency , Wave-length y Frequene 
in Vitus | Character in ee 
17252°4 5776°20 3 17307:3 
17253'4 | 5775°88 4 173083 
172540 =| 5775°57 4 17309°2 
172548 = || «5 774°75 7 17311°7 
172559 || 5774-43 3 173126 
17256'7 5773°90 7 17314°2 
17257°3 5773°36 4 + 17315°8 
17257:9 577302 6s 173169 
17258'8 1 5772°72 4 173178 
17259'8 || 5772-11 5s 17319°6 
172611 || 5771:59 4 17321°1 
5771°29 ‘a 17322:0 
5770°86 3 173233 
5770°56 + 173242 
577019 4 17325°3 
172629 | 5769-89 4 17326°2 
17263'5 I 5769°65 3 17327°0 
17264:7 ] 5769°40 2 17327°7 
17265°5 | 576906 4 17328°7 
172667 || 5768°81 4 17329°5 
17268°3 | 5768-°55 4 17330°3 
17269°9 5768°33 4 17330°9 
17269°5 5768:00 4 17331'9 
172709 5767°53 5 17333°3 
17271°9 5767°16 5 17334°4 
17272°7 576691 5 17335°2 
17274:0 || 5766°67 2 17335°9 
17275°5 =|, +~5766-50 3 17336°4 
172768 || 5766:24 4 17337°2 
17278°6 = || 5 765°71 a 17338°8 
17280:1 5765:03 6 17340'9 
17281°5 576442 8 17342°7 
17282°0 576413 3 17343°6 
17283°6 5763°78 4 17349°6 
17284°4 
172853 
17286°6 Group 5763|-5742 
172875 
17288°6 5763°00 4 17347:0 
17290'9 || 5762°70 5 173479 
17291:0 5762°23 4 173493 
17291°6 5761:94 4 17350°2 
17292:2 5761:70 4 17350°9 
17293:'0 5761°28 4n 173521 
17294:0 5760°83 4 17353°5 
17294:'8 5760°33 6 17355'0 
17295°4 5759°88 3 17356°4 
17296°7 575964 173571 
17297°6 5759°21 5b 17358°4 
17298°6 5758'89 5 17359°4 
17299°7 5758°56 4 17260°3 
17300°5 5758:21 4 17361°4 
17301°3 5757-71 5}+b 17362'9 
17302°7 5757°32 3 173641 
17303'7 5757:03 5 17365:0 
17305:0 5756°65 5 173661 
17306°4 5756°33 5 17367:1 


bo 
bo 
to 
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BROMINE (ABSORPTION)—continued. 


. . | . . 
Wave- Intensity and ene | Wave- Intensity and pees 
length Character ain tl length Character ce aievares 
| 
575601 3 17368°0 | 5738°11 7 17422°2 
5755°80 3 i 17368°7 5737-89 2 174229 
5755°56 =] 173694 || 5737-60 2 17423°8 
5755°36 3 173700 || ~5737:25 6 174248 
5755°14 3 17370°7_—s || —«-5736°81 4 174262 
575459 3b 17372°3 5736°49* 7 17427:2 
575426 5 17373°3 5736°14 2 17428°2 
5753791 5 173744 || «5735-92 2 17429°9 
5753°12 3 17376°8 || 5735-70 4 17429°6 
5752°84 3 17377°6 5735-45 4 17430°3 
5752'58 4 173784 5735718 3 174311 
575235 3 173791 |) 5784-97 4 17431'8 
5751°83 4 173807 =| 1573471 4 17432°6 
5751-49 3 17381°7 573426 4 17433°9 
5751-30 2 17382°3 573397 5 174348 
5751:00 2 17383°2 5733°57* 5 17436°0 
575078 5 17383°8 5733°16* 3 174373 
5750°49 3 173847 || -5732°82 4 17438°3 
5750:27 3 17385'4 573262 3 17438°9 
5749°69 5 17387°1 5732-44 3 17439°5 
5749°43 4 173879 || 5732-19 5 17440°2 
5749-20 4 173886 =|, 5731-56 5 17442:0 
5748°89 2 17389°6 5731-28 2 17442°9 
5748°57 7 17390°5 ||: 573097 8 174439 
574755 7 17393°6 5730°28 5 17446-0 
5747-19 2 173947 —||_—-5729°69 8b 17447°7 
5746°95 2 17395°4 5729°16 5 17449°4 
5746-70 3 17396°2 5728°87 3 17450°2 
5746-46 4s 17396'1 5728°56 5 17451°2 
5746-10* 3 173980 || 5728717 4 17452°4 
5745°76* 3 17399°0 5727°87 3 17453°3 
2745-45 4s 17400:0 plea 8b 174540 
5745-23 3 17400°6 5726°98 174560 
5744-85 4d 17401°8 5726-71 5 17456°8 
5744-46 8 17403-0 5726-45 2 17457°6 
5744-11 244, 17404-0 5726:14* 6 17458°6 
5743-70 4 } 174053 572579 6 17459°6 
5743°48 4s 17405:9 572554 6 17460°4 
5743-24 2 17406°7 5725:07* 3 17461°8 
5743-07 2 17407°2 572477 5 17461°7 
5742-80 4s 17408:0 5724-43 5 17463°8 
5742°54 6 17408°8 572413 4 174647 
5723°81 5 17465°6 
5723°52 4 17466°6 
pee ere 5723-19* 3 17467-6 
5741°89 4 17410°7 5722°80* 2 17468'8 
5741°63 5 17411°5 5722°50 3 17469°7 
5741°32 3 17412°5 5722°28 4 17470°3 
5741-08 3 17413:2 5722:09 5 174709 
574074 5 174143 572161 3 174724 
5740°45 2 174151 5721°33 38 174732 
5739°81 8 174171 5721:12 3s 174739 
5739°41 3 174183 5720°86 2 174746 
5739-14 2 17419°1 5720°47 4 174758 
5738°91 6 17419°8 5720°22 2 174765 
573858 4 17420°8 5719:97 3 174774 
5738°32 3 17421°6 5719°33 2b 17479°4 


I 


ee a ee 


—_ ae 
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BROMINE (ABSORPTION )—continued. 
(oe ee SE a ee ee eS eae eee 


5 Oscillation A | Oscillation 
Intensity and = 1 eee Intensity and 
Wavelength |"“Character | roquency || Wavelength | “Character | ETequency 
5718°84 4 17480°8 || 5696-45 2 17549°6 
5718-67 4 17481°3 || 5696-24. 4 | 17550:2 
6717-73 4 174843 569581 5 17551°6 
5717-45 3 17485°1 || 5695-66 5 17552-0 
5717-19 3 17485°9 5695-05 4b 175539 
5717:02 4 174864 | 5694-73 2 ' 175549 
5716:75 2 17487°2 5694-48 4 17555°6 
5716°59 4 17487-7 || 5694-25 2 175563 
5716:39 2 17488°4 569389 6s 175575 
5716-09 3 17489°3 5693-28 5 17559°4 
5715°70 3 17490°5 |, 5692-91 3 17560°5 
5715°38 6© 17491:4 5692-58 4 17561°5 
5714-94 3 17492°8 | 5692-24 2 17562°6 
5714:49 5 174932 || 5691-94 5 17563°5 
571420 @ 17495°1 | 5691:57 4 175646 
571364 5 174968 || 5691:31 3 17565°4 
5713°35 4 17497'7 || +5691°10 3 17566°1 
571300 2 17498'7 5690°70* 5© 17567°3 
5712:73 2 17499°5 || -5690°38 2 17568°3 
5712-44 6© 17500°4 || 5690-05 5 17569:3 
5712-18 7O 175012 || + 5689-68 4 17570°5 
| 5689-39 3 17571°4. 
5689-14 2 175721 
Group 5712)-5688 568884 2 17573-0 
5711-69 2 17502:7 
571138 6© 17503°6 || 
5710-42 5n 175066 | Group 5688\-5659 
5709°37 5 17509'8 568811 4 175753 
5708-95 2 175111 || +5687°88 2 17576-0 
5708'60* 5 17512-2 | 5687-60 2 175769 
5708-40 2 17512°8 | 5687:27 4 175779 
5707:94 2 175142 | 5686-96 40, 17578-9 
5707°64 5 175151 5686-44 3 } 17580°5 
5707-28 3 175163 || 5686713 3 17581-4 
5706°71* 4 17518'1 568676 4 17582°6 
5705°79 5s© 17520°8 5685°45 2 17583°5 
5705°35 3 17522°4 || 5685-14 2 17584:5 
5704-97 4 175234 || 568482 4© 17585°5 
5704-40 2 1752571 5684:52 4© 17586-4 
570412 4 17525°9 5683:98 2 17588°1 
5703-94 4 17526'5 568368 3 17589-0 
5703°33 5 17528°4 5683-99 4 17591:9 
5702°86 2 17529°8 || 5682-38 4 17593-1 
5702°53 7 17530'8 5681-93 2 17594:5 
5701:83 6 175330 5681°64 2 17595°5 
5701:05 5 17535°3 5681-26 4 17596'5 
5700°79 3 17536°2 5680-90 2 17592'8 
5790:49 4s 175371 5680°57 2 17593:9 
5790°13 2 17538°3 5680°14 5 17605-2 
5699:79 3 17539°3 567993 3 17605'8 
5699°44 2 17540°3 5679°66 2 17601°5 
5699-23 4 17541°0 5679-05 5 17603°4 
569862 ri 175430 || 5678-68 2 17604:5 
5698-19 3 175442 567833 2 17605:6 
5697°91 4 17545:1 5678-02 6 17606-6 
5697-29 6 175470 567771 2 17607°5 
5696-73 5 17548°7 567726 3 17608-9 
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BROMINE (ABSORPTION)—continued. 


Wave- Intensity and eaicey ||  Wave- 
length Character Sayan | length 

| 5676-93 6 176099 || 5656-10 
5676°31 4 176119 | 5655-80 
5676-00 4 176128 || 5655-39 
5675°39 4 176147 5654-80 
5645-06 4 17615°8 5654-44 
567481 3 17616°5 5654-14 
5674-52 2 17617-4 5653°60 
5674-06 3 17618°9 565316 
5673°78 3 17619°7 5652-91 
5673°45 3 17620°8 5652°56 
5673'14 3 176218 || 5651-91 
5672-73 4 176220 || 5651-68 
5672-46 2 17623°9 5651-39 
5672°20 3 176246 || 5651-04 
| 5671-96 5 176254 || 5650-76 
| 5671-65 2 176264 || 5650-00 
| 5671-22* 5 17627°7 || 5649-66 
5670°88 3 176288 || 5649-17 
5670-42 5 176302 || 5648-81 
5669-95 3 176317 || 5648-59 
5669°57 4 176328 || 5648-27 
5669-26 3 17633°8 || 5647-88 
5669-05 3 17634-4 || 5647-46 
5668-75 4 176354 || 5647-04 
5668-49 3 176362 || 5646-42 
5667-97 7 17638°8 || 5646-15 
5667-20 % 17640°2 || 5645-54 
5666-46 7 176425 || 5645-28 
566606 2 176437 || 5645-00 
5665-68 4 176459 || 5644-77 
5665°38 4 17646-9 5644-30 
5664-89 5 17647°4 5643-58 
5664°63 3 17648-2 5643-20 
566431 6 17649°2 5642-84 
5664-06 176500 5642-57 
5663:52 6 17651:7 || 5642-17* 
5662°89 3 176537 || 5641-73 
5662:59 4 176546 || 5641-28 
5662-23 4 176557 || + 5640°91 
5661-85 3 17656-9 5640°38 
566158 4 17657°7 5640-05 
5661-31 ) ; 17658°5 5639°45 
5660-79 | Pines) | 7660-2 5639-05 
5660°47 4 17661°2 563826 
5660°22 3 17662-0 5637-98 
5659°82 5 176632 5637°58* 
5659°37 6 17664°6 5637-14 
5636-78 

Hopi 5636-25 
Group 5659|-5616 5635-96 
565890 4 17666-1 5635°68 
5658°62 4 17667-0 5635°17 
5658°25 4 17668"1 5634-81 
5657°86 4 17669°3 5634-43 
5657°45 6 17670°6 5633°80 
565693 6 176722 5633°55 
5656744 5 17673-7 5633-09 


Intensity and 
Character 


Oscillation 
Frequency 
in Vacuo 
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176748 
17675°8 
176770 
17678°9 
17680:0 
17680°9 
17682°6 
17683°9 
17684'8 
.17685'9 
17687°9 
17688°6 
17689°6 
17690°6 
17691°5 
17693°9 
17695-0 
17696°5 
17697°6 
176983 
17699°3 
17700°6 
17701°9 
17703°2 
177051 
177059 
17707°9 
17708°7 
17709°6 
17710°3 
17711°7 
177140 
177152 
17716°4 
177172 
177185 
17719°9 
177213 
17722°4 
177241 
17725:1 
17727°0 
17728°3 
17730°8 
177316 
17732°9 
17733°3 
17735°4 
177371 
17738-0 
17738°9 
177405 
177416 
17743°8 
177448 
17745°6 
17746°6 


— 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 225 


BROMINE (ABSORPTION )—continued. 


- Oscillation . Oscillation 

Wave- Intensity and Frequeney |, Wave-length Intensity and Frequency 

length Character rig | Character in Vacuo 
563278 5s 17748:0 / 5614-00 3 17807°3 
5632°36* 4 17749:3 5613°51 4 17809°9 
5632-02 5s 17750°4 5613°21 3 17809°8 
5631-72 3 17751°4 5612°82 3 17811:0 
5631°37 4s 17752°5 6612-46 4 17812°2 
5631-13 4 17753°2 5612719 4 17813°0 
5630-87 2 177540 | 5611-83 2 17814°1 
5630°63 5 177548 | 5611-48 3 17815°3 
5630°30 2 17755°8 5611-21 3 17816:2 
5630-00 4s 17756'8 5610°91 3 178171 
5629-70 4s 177577 5610-74 3 17817°7 
5629°39 4 17758°7 5610746 3 17818°5 
5628°96 2 177601 5610 22 3 17819°3 
5628-69 4 17760°9 5609°94 3 17820°2 
5628-41 2 177618 5609°69 3 17821:0 
5628-14 4 17762°6 5609-33 3 1782271 
5627-88 2 17763°5 5608-86 17823°7 
5627:49 5 17764°7 5608-54 2 17824:7 
5626°96 5 1776674 5608-22 4 17825°7 
5626743 4 177681 5607-95 + 17826°5 
5626:13 2 17769-0 5607°63 3s 17827°5 
562591 | 4 17769°7 5607°17 3s 17829:0 
5625-72 17770°3 560672 3s 17830°4 
5625-40 4 17771:3 5606°28* 3s 17831°8 
5625712 2 17772°2 560598 2 17832°8 
5624-60 5] 177738 5605°70* 3s 17833°7 
5624°29 ast 177748 5605°21 4 17835:2 
5624-00 4 LiT75°7 5604°79 5 17836°6 
5623-60 3 17777:0 5604:39 3 17837°9 
5623-40 3 17777°6 5604711 5 17838°7 
5623-19 3 177783 5603°27 6 17841°4 
5622-90 3 17779°2 5602-84 3 17842°8 
5622°48 4 17780°5 5602744 6 17844:1 
6622-16 3 17781°5 5601°90 - 3 17845°8 
5621°90 + 17782°3 5601°60 50 17846'7 
5621-49 3 17783°6 5601-29 4 17847'7 
5621-24 2 17784°5 5600°89 5 17849:0 
5621-03 4 17785:0 5600°56 4 17850:0 
5620°83 3 17785°6 560):26 2 17851-0 
5620-59 2 17786°4 5600°04 5 17851-7 
5620°35 2 17787-2 5599-60 2 17853'1 
5620-00 5 17788-3 5599°33 4 17854-0 
5619-65 5 17789°4 5598-70* 6© 178560 
5619-23 4 17790-7 559818 4 17857°6 
5618-70 + 17792°4 5597:90 | b 17858°5 
5618-29 2 17793°7 5597-42 1786071 
5617-61 6 17795'9 5597°14 4 178610 
5617-06 3 17797°6 559694 5 17861°6 
5616°68 4 17798°8 5596°57 6 17863°8 
5616:27 2 17800°1 5596717 6 178641 
5595-69 i 17865°6 
559517 6 17867°3 
a 5594-47 5 17869°5 
561538 4 17803°0 5594-00 5 178710 
5614-85 2 17804°6 5593°65 5 17872°1 
5614-54 3 17805°6 559317 Es 14873°7 
5614-29 3 17806°4 5592-68 8 178752 

1892. Q 
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BROMINE (ABSORPTION)—continued. 


A illati ; illation 
Waye- Intensity and mae Wave-length Intensity and ote 
lergth Character capa Character eee 
5592°24 4 17876'6 5572°73 6 17939°2 
5591-90 4 17877-7 557221 4 17940°9 
5591:56 4 17878°8 5571795 3 17941'8 
5591:10 5s 17880°3 5571°72 2 17942°5 
§590°71 5 17881°5 5571:49 4 17943°2 
5590-38 4© 17882°6 5571°16 3 179443 
5590°16 4 17883°3 5570°90 4 17945'1 
5589°84 4 17884°3 5570°67 2 17945°9 
5589°49* 5 17885-4 5570°47 17946°5 
5589°05 4 17886°6 saan | 6b 179484 
5588°63 3 17888:2 5569°56 17949°5 
5588°40 3 17888°9 5569°16* 5 17950°7 
5588-16 3 17889°7 5568°83 3 179518 
5587°83 3 17890'8 5568°41 5 17953°2 
5587-54 3 178917 5568711 5 179541 
5587°31 4 17892:4 5567-57 4© 17955°9 
5567°36 4 17956°5 
a8 5567°08 3 17957-4 
Group 5587|-5555 556675 4 179585 
5586-74 2 17894:3 5566°33 17959°9 
5586:46 2 178951 5565°97 7 179611 
558615 5 1789671 5565°52 5 17962°5 
5585°8] 5 17897-2 5565-26 3 17963°3 
558548 2 17898°3 5565-00 3 179641 
558509 4 17899°5 5564-70 5 17965'1 
5584-67 3 17900°9 5564°33 4 17966°3 
558441 2 179017 5563-90 6© 17967°7 
5584-00 4 17903°0 5563-49 4 17969°0 
558364 3 17904-2 5563-00 TO 17970°6 
558331 3 17905:2 5562-44 5 17972°5 
5582-94 5 17906°4 5562-20 2 17973°2 
5582-62 3 17907°4 5561-97 5 17974:0 
5581°90 1, 17909°'8 5561-75 5 179747 
5581°63 4 ~ 17910°6 5561°35 6 17975°9 
5581°39 4 17911°4 5561-00 4 179771 
5581-00 2 17912°6 5560°72 3 179780 
5580°70 4 17913°6 5560°44 v6 17978°9 
5580°39 2 17914°6 5560°16 6 17979'8 
5580-08 3 179156 5559-86 6 17980'8 
5579°60* 4 | ih 179171 5559°53* 5 17981'9 
5579°25 2 17918°3 5559:20 2 17982'9 
557865 4 17920°2 5558°82 4 17984:2 
5578°30 2 17921°3 5558°53 3 17985:1 
557807 2 17922°0 5558-05 4 17986°6 
5577-79 3 179230 5557-42 8 17988°7 
5577 47 3 17924:0 5556-93 8 17990°3 
557718 2 17924'9 5556°39 8 17992°0 
5576°93 3 17925°7 5556°03 6 17993'1 
5576-74 2 17926°3 5555°86 6 17993°8 
5575:99 4 17928°8 5555°55 3 17994°8 
557549 4 17930°4 
557519 2 17931°3 
557489 3 17932°3 Group soup )—Haes 
557457 4s 17933°3 5555:02 2 17996°4 
5574:32 3 179341 555482 3 | STO TEL 
5573°63 7 17936:3 555450 3 17998'1 
6572°93 6 17938°6 5564-14 t 17999°3 
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BROMINE (ABSORPTION)—continued. 


: Oscillation || . Oscillation 
Intevsity and i Wave- Intensity and 
Waye-length Character ine & | length Characiey Heegueney 
5553°86 4© 18000°2 | 553619 3 18057°7 
5553°53* 4 18001°3 | 5535-88 4 18058°7 
5553 09* 4 18002°-7 5535-47* 4 18060-0 
5552°65 t 18004°1 5535°04* » 5 18061°4 
5552°39 2 18005-0 5534-72 2 18062-4 
5552:22 4 18005°5 5534'50 5 18063°2. 
5551°94 3 180064 553431 5 18063°8 
555172 aa 180071 5533°86 5 18065°3 
555123 4 18008:7 = ||_-—«-55533-67 2 18065°9 
5550°83 4 18010:0 5533°43* 3 18066°7 
5550°47 4. 18011 2 5533-06 4© 180679 
5550°25 4 18011°9 5532°76 4 18068°8 
5549'87 5 18013°1 5532°46 2 18069°8 
5549°62 2 180140 553224 4 18070°6 
5549-47 2 18014°5 5532-00 2 18071°3 
5549°32 3 18014:9 5531-68 4 18072°4 
5548-95 5s 180161 5531-40 4 18073°3 
5548-72 3 18016°9 |} 5531:15 5 18074°1L 
5548-45 3 18017°8 || 5530°65 6 180757 
5548'14* 4 18018°8 || 5530°37 2 18076°7 
5547-81 2 18019°8 553008 5 18077-6 
5547-54 4s 18020°7 || 5629-44 5 18079°7 
5547°36 2 18021°3 || 5529-20 2 18080°5 
5547°14* 4 180220 || 5529-02 2 1808L°1 
eee 4 18023°6 | 
46°33 t 18024-6 

5546-06 _ 3 18025-5 | Group 5528/-5502 

5545°81 4 18026°3 || 5528°39 3 18083:1 
5545°46 4 18027°5 5528°10 2 180841 
5545:11* 2 18028°6 5527°87 4 18084-8 
5544-78* 5 18029°7 || 5527-61 4 180857 
5544:45 2 18030°8 | 5527-34 2 18086°6 
5543°97 5 18032°3 5526°82 3 18088-3 
5543-71 2 18033°2 5526°55 V4 18089:2 
5543-44 5s© 18034:0 || 6526°35 18089°8 
5543°16 18034°9 | 552605 2 18090°8 
5542-74 5 180353 || 5525°80 3© 18091-6 
5542°34 3 18037°6 | 5525°53 2 18(92°5 
5542-08 6 18038°5 5525°30 3 18093°3 
5541°71 2 18039°7 5525°04 3 18094:1 
5541°52 2 18040°3 || 552485 3 18094-8 
5541-20 5 180413 || 5524-62 3 18095°5 
5540°99 5 18042:0 5524°32 3 18096°5 
5540°72 3 180429 || 5524:10 3 18097:2 
5540-28 4s) b 180443 | 5523°84 3 18098-0 
5539'94 sf 18045°5 5523°63 21) 18098:7 
5539°58 4 180466 || -5523-38 2 j 18099°5 
5539°29 5s 18047°6 || 5522°98 4s 18100°9 
5538-98 2 18048°6 ||) 5522-45 2 181026 
5538'78 e310) 18049:2 | 5522-10 5 18103°7 
5538-43 4 18050'4 =|} «5521-78 3 18104°8 
5537°83 18052°3 | 5521-15 4 181068 
5537-50 4 18053°4 5520°73 4s 18107°1 
5537724 3 180542 | 5520-53 2 18108°8 
5536792 4 18055°3 | 6520°32 4s 18109°5 
5536°70 3 180560 || 5520-04 3 18110-4 
5536743 2 18056°9 || 5519-80 3 181112 


Q2 
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Wave-length I 


5519-40 
5518°95 
5518-63 
551823 
5518°03 
5517-58 
5517°33 
5517-03 
5516°67 
5516°22 
5515°89 
5515-49 
551517 
5514-91 
5514-70 
5514-14 
§513°73 
5513°48 
§513°13 
5512°82 
5512-43 
5512-15 
5511-65 
5511-29 
5511-03 
5510-69 
551035 
5509°87 
5509°62 
5509°39 
5509-12 
5508°84 
5508°67 
5508°45 
5508°21 
650791 
5507-59 
Boe | 
5506736 
5505-98 
5505°75 
5505-40 
5505-11 
550472 
5504731 
5503-90 
5503°62 
§503°23 
5502-13 
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BROMINE (ABSORPTION )—continued. 


Oscillation 
Frequency 
in Vacuo 


ntensity and 
Character 


Wave-length I 


181125 
18114:0 
181150 
181164 
18117-0 
18118°5 
18119°3 
18120°6 
18121-7 
18123°0 
181240 
18125-4 
18136-4 
f 18137°3 
‘| 18137-9 
18139'8 
1814171 
181420 
18143-1 
18144-1 
18145-4 
18146°3 
18148°0 
18149-2 
18150°0 
181511 
18152-3 
18153°8 
18154°7 
18155°4 
18156°3 
18157-2 
18157°8 
18158°5 
18159°3 
181603 
18161-4 
181637 
181654 
18166°7 
18167°4 
18168°6 
1816975 
181708 
DY 181722 
2 181735 
6 181744 
3 18175°7 
5s 18179°4 


6 WW OL OTH OT bo bo & CO WP OD 
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Group 5502|-5477 


5501-46 
5501713 
5500758 
5500°34 
5499-97 


18181'6 
18182°7 
181845 
18185'3 
18186°5 


Me 2 Ore 


5499:50 
5499-21 
5499-05 
5498-85 
5498-60 
5498-23 
5497-60 
5497-32 
5497-00 
5496-75 
5496-41 
5496-01 
5495°53 
5495-25 
5494-95 
5494-69 
5494-47 
5494-12 
5493-78 
5493-55 
5493-28 
5492-98 
5491-98 
5491°36 J 
549097 
5490°66 
5490°34 
5489:92 
5489-67 
5489-42 
5489°13 
5488-77 
5488-42 
5487-88 
5487-53 
5487-22 
5486-87 
5486:65 
5486-46 
5486-22 
5486-04 
5485-73 
5485-45 
5485°19 
5484-93 
5484-54 
5483-92 
5483-70 
5483-35 
5483-01 
5482-70) 
5482°53 J 
548217 
5481-41 
5481-11 
5480°78 
5480:52 


ntensity and 
Character 
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Oscillation 
Frequency 
in Vacuo 


181881 
18189-°0 
18189°6 
18190°2 
18191°1 
18192°3 
181943 
18195°3 
18196°3 
181972 
18198°3 
18199°6 
18201:2 
18202°1 
182031 
18204:0 
18205°7 
18205°9 
18207:0 
18207°8 
18208'7 
18209°7 
18213:0 
18215°0 
182163 
18207-4 
18208-4 
18209°8 
182106 
18211°5 
182124 
18213-6 
18214'8 
18216°6 
18217°8 
18218°8 
18219-9 
18220°7 
18221°3 
182221 
18222°7 
18223°7 
18224°6 
18225°5 
18226-4 
18227°7 
18229°7 
18230°5 
182316 
18232°7 
18233°8 
182344 
18235°6 
18238-1 
18239°1 
18240:2 
18241°1 
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BROMINE (ABSORPTION)—continued. 


Oscillation : Oscillation 
Characterand| Wave- Intensity and é 
Wave-length Spee Frequency & Frequency 
Intensity SACVaaTG | length Character SEU ACaY 
5480°25 5 18242:0 5462°87 5 18300:0 
547989 3 18243°2 5462°58 5 18301°0 
5479°32 6 18245:0 5462 31 4 18301°9 
5478-96 8 18246°3 5461°81 qT 18303°5 
5478:48 3 18247°9 5461°42 5 18304°8 
5478:18 3 18248°9 5461-20 5 183056 
5477°89 3 18249'8 5460°74 6 18307°2 
547765 2 18250°6 546019 7 18309:0 
5477:15 4 18252°3 5459°67 4* 18310°7 
5459:19 5 18312°3 
5458°79 3 18313°7 
prone G27 7)-54b6 5458-60 3 183143 
5476°42 4 18254°7 5458°29 2 18315°4 
5476°10 f 18255°8 5457:°97 5 18316°4 
647591 4 18256'4 5457°53 3 18317:9 
547569 2 18257-1 5457-15 v4 18319°2 
5475:23 5 18258°7 5456'89 7 18320'1 
5474-91 4 18259°7 5456°54 3 18321°2 
5474:62 + 18260°7 5456:27 2 18322'1 
547424 4© 18261:0 5456-03 4 18322'9 
5473°90 4 18263:1 
547367 4 18263°9 Group 5456|-5430 
5473°48 4 18264°5 5455°62 6 183243 
547326 3 18265°2 5455°28 2 183255 
547298 5 18266°2 5455°08 5 183261 
547269 4 18267°1 5454°84 5 18327°0 
5472°33 3 18268°3 5454°64 3 18327°6 
5472:04 5s 18269°3 545412 4 18329°4 
5471°73 3 18270°3 5453-84 Bs 18330°3 
5471-43 5 18271°3 5453:10 4* 18332°8 
5470:99 3© 18272°8 5452°76 5s 18333°9 
5470°76 3 18273°6 §452°50 3 18334°8 
5470°39 5* 18274°8 §452°23 4 183357 
5470-04 4 18276°0 5451°85 5 18337:0 
5469-72 4 18277°1 5451:34 5 18338°7 
5469°45 4 182780 5451:05 4 18339:'7 
5468-94 6 18279'7 5450°87 4 18340°3 
546868 2 18280°5 5450°63 2 183411 
546849 2 18281:2 5450°42 2 18341'8 
5468:°32 2 18281°7 5449-94 4 18343°4 
5468°13 3 18282°4 5449-69 4 18344°3 
5467-90 2 18283'1 544913 18346:2 
5467-65 2 18284:0 5448°83 2 18347:2 
5467-24 6 18285:4 5448°57 3 18348°1 
5466°84 18286:°7 544815 3 18349°4 
5466-71 | 8O? ° 18287:1 | 5447-75 = 18350°8 
5466:29 | 18288-4 5447-50 2 18351°6 
5465°87 5 18289-9 5447°31 5 1§352°3 
5465°59 3 18290°9 5446°52 4 18354:9 
5465:°29 2 18291°9 5446°26 2 18355°8 
5464-96 6 18293:°0 5446:09 3 18356°4 
5464-62 3 182941 5445°86 3 18357-2 
5464-46 3 18294-7 5445°49 2 18358°4 
5464°25 3s 18295-4 544489 3 b 18360°E 
5464-05 2 182960 5444°65 3} 183615 
5463°84 2 18296°8 5444:43 5 183620 
5463:17 + 18299-0 544416 { 183629 
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BROMINE (ABSORPTION )—continued. 


W ave- Intensity and 
length Character 


5443-75 
5443-48 
5443-15 
5442-86 
5449-52 
5442-21 
5441:95 
5441-77 
5441-32 
5440-87# 
5440-65 
5440-24 
| 6439-75 
543953 
5439°31 
5439-05 
5438-74 
5438-46 
5438-15 
5437-90 
5437°53 
5437-32 
543698 
5436°74 
5436-39 
543612 
5435°90 
5435°61 
5435°31 
5435-09 
5434-55 
5434-28 
5433-98 
5433-71 
5433-26 
5432°81 
5432-25 
5431-95 
5431-56 
5431-24 
| 6431-03 
- 5430-60 
5430:24 
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' Group 5430)-5406 


5429-73 
5429-43 
5429-22 
5428-77 
5428°46 
| 5428-22 
5428-00 
5427°82 
5427°54 
5427-25 
5426:90 
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Oscillation 


Wave- 
Frequene 
in jee | fae 
18364°3 5426°66 
18365°2 5426°38 
18366°3 5423:03 
18367°3 5425°85 
18368°4 5425°55 
18369°5 5425:00 
1837074 5424-59 
183710 5424:27 
18372°5 5423-90 
183740 5423°53* 
18374:7 5423-06 
183761 5422°64 
18377°8 5422-22 
18378°6 5421°88 
18379°3 5421°53 
18380°2 6421°25 
18381°2 5420°98 
18382°2 5420°61 
18383°2 5420716 
18384:0 5419°87 
18385°3 5419°62 
18386'0 5419°31 
18387-2 5418:99 
18388 0 5418:23 
18389°2 5417°87 
18390°1 | 5417°50 
18390°8 5417:03 
18391°8 5416°82 
18392°8 5416°60 
18393°6 5416731 
18395°4 5415'96 
18396°3 5415°56 
18396°4 6415°15 
18398°3 6414-76 
18399°8 §414°35 
18401°3 5413°91 
18403°2 5413°63 
18404°2 5413°48 
18405°5 5413-08 
18406°6 5412°89 
18407°3 5412-46 
18409°8 5412°235 
184100 5411-89 
5411-62 
5410°93 
5410°64 
18411°7 5410°32 
18412°7 5409°88 
18413°4 5409°46 
18415:0 5409719 
184160 5408-91 
18416°8 5408°42 
18417°6 5408°10 
184182 5407-86 
18419°1 5407°58 
18420°1 5407°23 
18421°3 5407:03 


Intensity and 
Character 


Oscillation 
Frequency 
in Vacuo 


ee eae te etbOl Se COUPES RO ORO tiie ips CX ROIS Co) Or Sr Coins 


Se 
Q 


OPP WOW OARWAN NANDA WWOWERENR OL OPRNAD 


18422-1 
184231 
18424°3 
18424-9 
18425°9 
18427°8 
18429°2 
18430°3 
184313 
18432°8 
18434-4 
18435°8 
184372 
18438-4 
18439-6 
18440°4 
18441°4 
18442°7 
18444°2 
184552 
1845671 
18457°1 
184582 
18460'8 
18462°0 
18463°2 
18464°8 
18465°5 
18465'3 
18467°3 
18468°4 
18469°8 
18471-2 
18472°5 
18473°9 
18474-4 
18475-4 
184769 
184783 
181789 
18480°4 
18481:2 
18482°3 
18483:2 
18485°6 
18486°6 
18487°7 
18489:2 
18490°6 
18491-6 
18492°5 
184932 
18494°3 
18496-1 
18497°1 
18498:2 
18498°9 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 231 


BROMINE (ABSORPTION)—continued. 


Wave- Intensity and eednet Wave- Intensity and 
length Character in Wate length Character 
5406°80 2 18499°7 5386°59 ) 3 
5406:58 2 18500°5 5386-10 f 
5406-33 2 18501°3 5385°81 3 
538558 3 
5385-22 

Group 5406|-5372 5384-93 4 

; 5384°55 5 
5405°52 4 185041 5384-14 5 
5405°18 4 185052 5383-46 3 
5404-76 3 18506°7 5383-24 2 
5403°89 4 18499°7 5382-98 3 
5403716 4 185022 538278 3 
5402-38 5 18504:0 5382°52 3 
5402°08 3 18504:9 5382-25 + 
5401-67 18507°3 5382°00 2 
5401°33 3 18508°5 5381°71 2 
5401-00 4 18509°6 5381°37* 5© 
5400°25 4 18512°2 5381-05 2 
5499°68 5 18514-1 5380°71* 4b 
5499°39 2 185151 538021 4 
5499-09 2 18516°1 5379-65 5 
549884 2 18517-0 5378°79 4 
5498°55 5 18518-0 5378-50 3 
5497°89 3 18520°3 5377-93 6 
5497-37 4© 18522-0 5377°56 4 
5496°90 5 18523°6 5377°33 3 
5396°54 3 185249 5377-02 4 
5396°33 3 18525-6 5376°74 3 
5395°95 3 185269 5376°26 2n 
5395°73 3 18527°7 5375-92 7 
5395-46 3 185286 5375°39 3 
5395°24 2 18529°4 5375712 3 
539501 3 18530-1 5374°84 3 
539466 4b 18531°3 5374-49 2 
539418 4 18533:0 5374°25 3 
539391 2 18533°9 5373°74 3 
5393°66 4 18534:8 5373'57 3 
5393°23 2 18536:3 5373-01 4 
5392°74 4 18538:0 5372-65 2 
5392-52 2 18538°7 5372730 6 
539229 2 18539°5 5372711 6 
539205 3 18540°3 
5391°77 4© 18541°3 : 
5391°47 2 18542°3 Grcup 5372/-5354 
5391°16 3 18543°4 537131 3 
539090 6 185443 5371-01 3 
5390°48 2 18545:7 5370:60* 3* 
5389°92* 6 18547:7 5369-93 5n 
5389°57 2 18548°9 5369°44 5 
5389°31 2 18549°8 5369-00 3 
5388°93 4 18551-1 5368-61* 4* 
5388-61 3 18552:2 536818 3 
5388°15 4 185537 5367°45 3 
5387-72 3 18565°3 5367-21 
538749 3 18556:0 5366°47 3 
5387-22 3 18557:0 536616 2 
5386:92 2 18558-0 5365°64 5© 


Oscillation 
Frequency 
in Vacuo 


18559°1 
18580°8 
18561°8 
18562°6 
18563°8 
18564:9 
1856i5°2 
18567°6 
18569°8 
185707 
185716 
18572°3 
18573°2 
185741 
185749 
18576°0 
185772 
185782 
18579°4 
1858171 
18583°1 
18586:1 
18587°1 
18589-0 
18590°3 
185911 
18592-2 
185931 
18594°8 
18596°0 
18598°8 
18598°7 
18599°7 
18600-9 
18601°7 
18603°5 
186041 
18606°1 
18607°3 
18608°5 
18609°2 


186119 
18613°0 
18614-4 
18616°7 
186184 
18619°9 
18621°3 
18622°8 
18625°3 
18626°1 
18628°7 
18629°8 
18631°6 


32 REPORT— 1892, 
BROMINE (ABSORPTION )—continued. 
Wales Intensity and ale Wave- Intensity and hae 
ength Character aa length Character an Vale 
536539 3 18632'5 5345-02 2 18703°4 
5364-82 3 18634°4 5344°72 3 187044 
5364-27 5 18636°4 5344°45 4 18705°4 
5364-00 4 18637°3 5344-09 4 18706°6 
5363°44 t 18639°2 5343°76 5s© 18707°8 
5363'20 4 18640°1 5343-41 4 18708:0 
5362°85 3 18641°3 5343-12 5 18709°1 
5362°36 4 18643-0 5342-80 4 18711:2 
5361:92* 4 18644°5 5342°38 6 18712°6 
5361°62 2 18645°6 5341-82 6 18714°6 
5361:37 4 18646°4 534092 6 18717'8 
5361:07 4 18647°6 5340°56 3 18719:0 
5360°69 3 18648°8 5340-01 4 18721-0 
5360°33 3 18650°1 5339°65 4 187222 
5360:00 4 18651:2 5339-24 4 18723°7 
5359'73 3 186522 5338°85 3 18724:0 
5359-46 3 18653°1 5338°60 2 18725°9 
5359-22 3 18653°9 533831 7 18726°9 
5358'95 3 18654'9 5338-07 18727°8 
535869 2 18655°7 5337-76 2 18728°8 
5358°35 5 18656°9 5337-46 As 18729°9 
5357°92 4 186574 5336°83 2 18732°1 
5357°64 2 18658°3 5336°53 4 18733°2 
5357°38 4 18660°2 5336°23 2 18734:2 
5357-06 3 18660°3 5335-91 2 18735°3 
535649 7 18662°3 533560 4 18736°4 
5355-62 5 18666-4 5334-91 4 18738°9 
5355°24 3 18667°7 533470 18739°6 
535501 3 18668°5 5334-23 5 18741°2 
5354-71 3s 18669°5 5333°94 18742°3 
535380 7 18672°7 533349 3 18743°8 
533311 6 18745°2 
Group 5354-5333 
5353°25 2 186746 Group 5333/-5317 
5353-00 4 186755 
5352°62 3 186768 5332°80 3 18746°3 
5352°21 3 18678°3 5332°56 2 187471 
5351-64 2 18680°3 5332°28 3 18748'1 
5351-44 4 18681-0 5332-07 3 187488 
535119 3 186818 5331-79 3 18749°8 
5350°86 3 18683:0 5331-55 3 18750°7 
5350°65 2 18683°7 5331°30 4 18751°5 
5350°37 4 18684°7 5331-02 2 18752°5 
5350:15 5 18685°5 5330:74 5 18753°5 
5349-74 5 18686°9 5330-44 5 18754°6 
5349-06 4 18689°3 533006 5 18755°9 
5348°35 2 18691:7 5329°60 t 8 18757'5 
5348-06 6 18692°8 2300-30 f 187586 
5347-87 18693°4 5328-09* 5 18762'8 
5347-48 4 186948 5327°81 2 18763°'8 
5346°93 3 18696'7 5327-34 5 18765°5 
5346°66 4 18697°7 5327-00 5 18766°7 
5346°42 3 186985 5326°67 4 18767°8 
5346:07 3 18699°7 5326°40t 3 18768°8 
5345:80 4 18700°7 532610 } 18769-9 
5345:41 5 18702°0 5325°86 4 18770°7 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 233 


BROMINE (ABSORPTION)—continued. 


Wave- Intensity and 
length Character 


5325°61) 
5325: | BBBE LY 
5325-03 
5324-72 
532398 
5323-76 
5323-40 
5323-07 
532261 
5322:26 
5321:84 
5321°53* 
5321°15 
5320°81 
5320°55 
5320-27 
5319-77 
5319-56 
5319-11 
5318-66 
5318-40 
5318-09* 
5317-70 
5317°40 
5317°16 


Hm DO O10 CO He for) HS O12 C2 NOsCe a oy ek E 


Group 5317|-5289 


5316°90 
5316°47 
5316-09 
5315°85 
5315-60 
5315°30 
5315-08 
5314°83 
5314°56 
5314:30 
5313°85 
5313°46 
5313-09 
5312-67 
5312-42 
5312°19 
5311‘91 
5311-66 
5311-17 
5310-91 
5310°69 
5310°43 
5310°17 
5309°7L 
5309-34 
5309-11 
5308°86 
5308-46 


on — NN KRYKE 
(on 
* 
2 


n 


Soe 
o 


H 0 OD WO Or He DO HSH bo bo bo Go Wo He 


Oscillation 


Wave- Intensity and 
pe ry length Character 
187716 5308718 2 
18772°9 5307-77 5 
18773°6 5307-27 5 
18774:7 5306°92 2 
18776°3 5306°65 4 
187771 5306°30 5 
18779°4 5306°12 | 
18780°5 5305°86 2 
18782°2 5305°59 4 
18783°4 5305 22 4 
187849 5305-09 3 
18785:0 5304-90 2 
18786°3 5304:55 4 
18788°5 5304°34 2 
18789°4 5304:06 5 
18790°4 5303-68 3 
18792:2 5303°50 2 
18792°9 5303-25 3 
187945 530305 3 
1879671 5302°86 3 
18797:0 5302715 3 
18798'1 5301:83 4 
18799°5 5301°57 2 
18800°6 5301:08* 
18801°4 5300-74 BY 

5300:57 3 
5300:20 3s 
5299-81 3b 
5299-43 3 
18802°3 529835 40 
18803'9 5298-06 3 
18805:2 5297-48 7 
18806:1 5296-48 4f 
18807-0 5296°15 5 
18808:0 5295:73 ' + 
18808:8 5295:29 3 
18809°7 5295-04 3 
18810°7 5294-77 3 
18811°6 5294-32 4 
18813:1 529394 4 
18814°5 5293°56 5 
18815:8 529327 3 
18816°3 5292°94 3 
18818°2 5292°72 3 
188190 5292:42 2 
18820°0 5292-06 5 
18820°9 5291°78 2 
18822°6 5291:49 4 
18823'6 5291-30 4 
18823°3 5291:02 3 
18824°3 5290°78 3 
188262 . saoai 6 
18827°8 5290°21 
18829°1 5289-93 * 
18829°9 5289°53 4 
18830°8 5289°19 2 
18832°2 5288°85 5 


Oscillation 
Frequency 
in Vacuo 


18833°2 
18834°7 
18836°5 
18837°7 
18838°7 
18839°9 
18840°6 
18841°5 
18842°4 
18843:8 
18844°2 
188449 
18845:1 
188469 
18847°9 
18849-2 
18849 9 
18850°8 
18851°5 
18852°1 
18854°7 
18855°8 
18856°7 
18858°5 
18859-7 
18869°3 
18861-6 
18863:0 
18864:3 
18868:2 
18869-2 
18871°3 
188749 
18876-0 
18877°5 
18879°1 
18880°0 
18881-:0 
18882°6 
18883'9 
18885°3 
188863 
18887°5 
18888°3 
18889°3 
18890°6 
18891-6 
18892:7 
18893°3 
18894°3 
188952 
18896-3 
18897-2 
18898-2 
18899°7 
18900:9 
18902°1 
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REPORT—1892. 


BROMINE (ABSORPTION)—continued. 


Oscillation 


Wave- Intensity and : W ave- Intensity and 
' length Chatnctar ae ed length Character 
5267-74 4 
SEEES 5289|5262 5267-36 4 
5288-63 3 18902:9 5266-64 4 
5288'33 2 18904-0 5266:03* | 3 
5288-07 2 18904:9 5265°73 2 
5287-76 4 189060 | 5265-48 3 
5287-51 2 189069 | 5265-20 3 
5287°30 3s 189076 | 5264-86 2 
5287-03 3s 18908-6 5264-29 4 
5286°74 3*7 18909°6 5263-98 2 
5286°36 5 18911-0 5263°55 4 
5285:91 3 18912°6 5263-21 3 
5285-49 4@ 189141 5263-02 3 
BIBS 11* =| 4 18915°5 5262-37 2 
5284-73 4 18916:8 ; 

5284-44 30 18917-9 

5283-75 | 3 18920-4 Group 5262|-52 t3 
5283-44 2 18921°5 5261°81 2 
5283-08 4 18922°7 5261°59 2 
5282-83 3 189236 || 5261-37 3 
5282°53 2 189247 || 5261-17 4 
5281-97 2 189267 | 5260-96 315 
281-77 2 18927°4 5260:40 4f 
5281:50 2 189284 5260°10 3 
5281-07 4 18930-0 5259:87 3 
5280°74 3© 18931'1 5259-54 5 
5280-26 4 189329 || 5259-29 ee 
5279-89 2 18934-2 5258°87* sy ad 
527944 4 18935°8 5258°54 2 
5279°12 3 189369 5258-32 3 
5278'67 4 18938°6 5258-10 4 
5278-31 2 18939°9 5257°83 4 
5277-96 3 18941°1 5257-43 4 
5277-71 3 18942:0 5257-09 3 
5277-47 3 18942:9 525682 3 
5277-23 3 18943-7 525632 6 
5277-00 3 189446 5255:79 6 
527667 2 18945:7 5255-06 2 
527619 4 18947°5 5264-74 5 
5275°62 5@ 18949°5 5254-30 4° 
527481 3 18952°4 5254-03 2 
5274-34 4 18954-1 5253-77 5@ 
5274-02 4 189543 5253°33 5 
5273°73 5© 18956°3 5253-01 2 
5273-04" | 5 18958'8 5252-75 3 
Berea +| 5 189591 5252°50 4 
5272-29 189615 5251:87 6 
5271-95 4 18962:7 5251-48 5 
5271-72 3 189635 5251-24 5 
527151 2 189643 5250°33 4 
5271-26 4 18965-2 5250-06 4 
5271-09 2 18965'8 524973 6 
5270°34* | 2 18968°5 5249-41 4 
5269-43 4n 18971°8 5248-80 ic. 
5268-92 4 18973°6 5248-30* | 5 \ Min. 
526859 4 18974:8 5247-61 6 
5268-06 2 18976-7 5247-34 5© 


Oscillation 
Frequency 
in Vacuo 


18977-9 
189782 
18981°8 
18984-0 
18985-1 
18986:0 
18987-0 
18988°2 
18990°3 
18991-4 
18993:0 
189942 
189959 
18997:2 


18999°3 
19000°1 
19000°8 
19001-6 
19001°3 
19004°4 
19005:4 
19006°3 
19007°5 
190086 
19009°9 
19011°1 
19011°9 
19012°7 ° 
190136 
19015°1 
190163 
19017°3 
19019°1 
19021-0 
19023°7 
19024°8 
19026°4 
19027°4 
19028°3 
19029°9 
19031°1 
19032°0 
19032:9 
19035:2 . 
19036°6 
190375 
19040°8 
19041°8 
19043-0 
19044:2 
190464 
19048°2 
19050°7 
19051°7 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 


BROMINE (ABSORPTION)—continued. 


Wave- Intensity and Meenubiey 
length Character CANA TArS 
524703 «| 2 19052:8 
5246-76 | 4 19053°8 
5246-45 | 3 190549 
524618 | 3 19055°9 
524583" | 4 19057°2 
524533 | 6 19059:0 
5245-01 ) 190601 
5244-60 | at 190616 
5244-33 «| 3 19062°6 
5243-47 | 3 } t 190657 
524266 | 3 19068-7 
624237 | 5 190697 
5241-88 | 6 190615 
Group 5243/5215 
5241-72 | 6 19072-0 
6241-48 | 3 19072°9 
524134 | 3 19073-4 
5241-12 | 2 190742 
5240-75 | 5 19075°5 
5240-44 | 2 19076-7 
524015 | 5@ 190777 
523987 | 2 19078°7 
523969 | 3 190794 
5239-45 | 4 19080°3 
523923 | 4 19081+1 
5239:00 | 3 19981-9 
5238-77 19082-7 
5238-47 19083-8 
5238-21 190848 
5238-00 19085°6 
5237-66" | © 19086-8 
5237-37 190878 
5236-88 19089-6 
5236-07 19092°6 
523570 | © 19093-9 
523519 | 4 19095°8 
523469 | 3 19097°6 
5234-43 | 3 19098°6 
523400 | 6 19099'1 
5233-62 «| «6B 19101°5 
523282 | 5 191046 
523250 | 4 191056 
523218" | 5 191068 
5231-91 191078 
£931.39 f Pe ceece | 19109:7 
5231-16 | 3 19110°5 
523093 | 3 19111°4 
523071 | 3 19112°2 
6230-47—«| 4 19113-0 
522968 | 4 19115-9 
5229-40 | 4 19117-0 
5229-04 | 4 191183 
522854 «| 2 19120-1 
522828 «| 4 19121-0 
5227-98 | 4 191221 


5226°65 


Wave- 
length 


5226°38 
5226718 
5225°87 
5225-45 
5224-61 
5224:28 
5223°97 
5223°75 
5223-44 
5223:02 
5222°32 
5222°04 
5221:82 
5221-47 
5221:05* 
5220-69 
5220°34 
5220°07 
5219°60* 
521928 
5218-03 
5217°54 
5217-23 
5216°95 
5216°45 
521619 
521592 


Group 5215 


521485 
521453 
5214-23 
5213°98 
5213°59 
5213°31 
5213:07 
521282 
5212-47 
5212-14 
5211°83 
5211:56 
5211-30 
5211-00 
5210-40 
5210-08 
5209-75 
5209-41 
5208°39 
520780 
5207°39 
5207°21 
520696 
520577 
5205°54 
5205°28 


Intensity and 
Character 


OU OO 
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n 


235 


Oscillation 
Frequency 
in Vacuo 


19127°0 
19128°0 
19128°7 
19129°9 
191314 
19134°5 
19135:9 
191368 
191376 
19138°8 
19140°3 
19142:9 
19143-9 
19144°7 
19146:0 
19147°5 
19148-9 
1915071 
191511 
19152°9 
191540 
19158-6 
19160°4 
19161°6 
19162°6 
19164°4 
191654 
19166°4 


19170°3 
19171°5 
19172°6 
19173°5 
191749 
19176:0 
191768 
191778 
19179°1 
19180°3 
191814 
19182°4 
19183°4 
19184:5 
19186°7 
19187-9 
19189°1 
19190°3 
19194-1 
19196°3 
19197°8 
19198°4 
19199°4 
19203°8 
19204°6 
19205:6 


36 


REPORT—1892. 


BROMINE (ABSORPTION )—continued. 


Wave- Intensity and Tone Wave- Intensity and 
length Character SEES length Character 
520452 3s 192084 Group 5184|-5159 
5203:96 3 19210°4 5183-60 6 
eae as 19211°3 5183-25 2 
5203°33 19212°8 5183-06 3 
5203-04 315 192138 §182°72 4n 
5202°33 3) 19216°5 5182:27 4n 
5181°83 4n 
5181°62 3n 
Group 5202|-5184 5181°34 3 
518082 5 
5202/07 3 19217°4 5180°39 4 
5201:77 2 19218°5 5180:03 4 
5201-44 4 19219°7 5179°68 4 
5201-00* 3 192214 5179°26 2} b 
a 4n 19222°4 5178°56 i 
5200744 19223°4 5178-28 3 
5200718 } 4 19224°4 5178-00 | Bb 
5199°86 19225°6 517756 
519953 2 19226°8 5177:30 2 
519929 | 2 192277 || 5177-05 A 
5199-00 4© 19228'8 5176°66 3 
5198°21 5 19231°7 5176-39 5 
5197-90 5 19232°8 5176-07 5 
5197-49 4 19234°4 5175°68 5 
5197-17 2 19235°5 5175-41 2 
5196-91 4 19236°5 5174-91 i 
5196-69 5 19237°3 517446 4 
5196°41 4 19238°3 5173°82 5 
5196-04 4 19239°7 5173°52 5 
5195-52 4 19241°6 5172-72 5 
5194-94 3 19243°8 5172743 3 
5194°63 3 19244°9 5171-64 3 
5194-24. 5 19246°7 5171:08 3 
5193°96 2 19247°4 5170-78 4 
5193°61 4 19248°7 517060 4 
5193:28 5 19249°9 5170°36 3 
5193-00 5 19251-0 517011 3 
5192-34 3 192534 5169°85 4 
5191-80 5© 192554 5169-60 3 
519152 2 19256°5 5168:26 6 
5191-28 3 19257°4 5167-41 6 
5190°92 3 19258°7 5167-04 4 
5190-50 4 19260°3 5166°87 2 
5190°14 3 19261°6 5166731 & 
5189°59 6 19263°6 5165°93 4 
5188-76 4 19266°7 5165°39 4 
5188-22 5 192687 5165:05 4 
5187°88 5 19270°0 5164°31 5 
5187-55 3 19271-2 5163°86 4 
5187-23 5 19272°4 5163°35 6* 
5186°89 2 19273°7 5163-00 3 
5186-55 5 192749 5162°30 4 
5186-00 4 19277:0 516193 5 
5185-46* Bly 19279-0 eh 5 
5185-17 5 19280:1 5161-23 
5184-92} 19281-0 5160°54 6v. 
5184-57 6 19282°3 515997 4 
5184-29 6 19283°3 5159-70 2 


Oscillation 
Frequency 
in Vacuo 


19285'9 
192872 
19287°9 
19289:2 
19290°9 
19292°5 
19293°3 
192943 
19296°3 
19297°9 
19299°2 
19300°5 
19302°1 
19304-7 
19305°7 
19306°8 
19308°4 
19309°4 
19310°3 
19311°8 
19312°8 
193140 
193154 
19316°4 
19318°3 
193200 
19322°4 
19323°5 
19326°5 
19327°6 
19330°5 
19332°6 
19333°7 
193344 
19335°3 
19336°2 
19337°2 
193382 
19343°2 
193464 
19347°7 
19348-4 
19350°5 
19351°9 
19353'9 
193552 
19358-0 
19359°6 
19361°6 
19362°9 
19365°5 
19366°9 
19368°6 
19369°5 
19372°1 
19374-2 
19375°3 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 237 


ALuMInIuM Oxipr (Arc SpectruM). 


Hasselberg, ‘Kongl. Svenska Vetenskaps-Akademiens Handlingar,’ Bandet 24, 1892. 


Reduction | Reduction 


ab ap 

=aR Intensity to Vacuum | 3 2 Wave. _ | Intensity to Vacuum : a 

length Pie : BS length and mE 

aracter A+ eal inp SS ies Character, A+ Ble a ES 

A Om a On 
4483-50 | 1:33] 6:°6| 22297-4 
Group 44/71-4648 4483-81 | 5bs 1:34 29995-9 
4470°63 8 1:33] 6°7 | 22361:5 4483-95 J 22295'2 
4471-18 lp 22358°8 4484-19 5 22294-0 

4471°30 22358°2 4484-90 4) 22290°4 | 

4471-49 3 22357°2 4485°12 4b 22289°3 
4471°67 2 22356:3 4485:27 af 22288°6 
4471°86 4 6:7 | 22355°4 4485°64 5 22286°8 
447211 4 6°6 | 22354:2 4485°81 3 bv 22285'9 
4472-33 4 22353°1 4485:97 2 22285°7 
4472°59 3 22351°8 4486°41 4 22282°9 
4472°87* | 5 22350°4 4486°59 4 22282°0 
4473°16* | 4 22349-0 4486°75 4 22281°2 
4473-48* | 4 22347-4 4487°11 4 22279°5 
4473-78* | 4 22345°9 4487-40 3 22278:0 
4474-09 5n 22343°3 4487°56 5 22277°2 
4474-51 6n 22342-2 4487°95 4 22275°3 
4474-89 5 22340°3 448818 3 22274:1 
4475-00 3 22339'8 4488-37 3 22273°2 
4475°25 5 22338°5 4488°75 5n 22271°3 
4475-36 2 22338:0 4489-02 3 22270:0 
4475-69 5 223363 448918 3 22269°2 
4475°80 2 22335°8 4489-30 2 22268°6 
4476°58 5 22331-9 4489-61 5n 22267°0 
4476:79 22330°8 4489-86 4 22265'8 
4477-00 5 22329°8 4490:04 3 222649 
4477-23 2 22328°6 4490:26 2 22263°8 
4477-59 5 22326°8 4490:46* | 4 22262°8 
4477-87 2 22325°4 4490°73 5 22261°5 
4478-09 4 223243 4490°89 5 22260°7 
4478-22 3 22323:°7 4491:10 2 22259°7 
4478-45 2 22322°5 4491:34* | 4 22258°5 
4478°64 6 22321°6 4491°63 4 22257°0 
447879 2 22320°9 4491°76 4 2225674 
4479-17 5 223190 4492-05 3 22254:7 
4479-38 3 22317:°9 4492°21* | 4 22254°2 
4479-70 5b 22316:3 4492-49 4 22252°8 
4479-91 22315°3 4492-69 4 22251°8 
4480°3:4 5 22313°1 4493'10 5 22249°7 
4480°53 3 22312°2 4493°38 4 22248-4 
4480°83 5b 22310°7 4493°58 3 22247-4 
4481-02 22309°7 4494-02 2 222452 
448113 2 22309-2 4494-22 9 22244:2 
4481-31 2 22308°3 | 4495°38 4 22238°5 
4481-52 3 22307°3 4495°55 a 22237°6 
4481°77 | 22306°0 449581 4) ie 22236°3 
4482-14 4n 22304°2 4495-98 55 22235°5 
4482-63 3 22301°7 449630 5 22233°9 
teen t Sb 22300°8 4496°56 4 22232°6 
4483-22 22298'8 4496°86 6n 222311 


238 


ALUMINIUM OXIDE 


REPORT—1892, 


(ARC SPECTRUM)—continued. 


Wave- 
length 


4497-19 


4497°30 
4497-53 
4497-91* 
4498-29 
4498:49 
4498-67 
4498-88 
4499-06* 
4499-41 
4499°53 
449971 
4499-92 
4500-00 
4500-16 
4500°43* 
4500°63 
4500°86 
4500-99 
4501°10 
450134 
450151 
4501-65 
4501:86 
4502-00 
4502-13 
4502°37 
4502-53 
4502-72 
4502:98 
4503-13 
4503-23 
450351 
4503-69 
450384 
4504-14 
4504-43 
4504-74 
4504-89 
4505-02 
4505°36 
4505°54 
4505°68 
450601 
4506-17 
4506°31 
4506°67 
4506°86 
4506-99 
4507°35 
4507-53 
4507-65 
4508-08 
4508-26 
450837 


Intensity 
and 


Character nee 


oD EF FRNN ROR wo 


© 


WRWANWOKRRATNWE ERR RRR ODO 


or 
i” 


Reduction| oy 
to Vacuum) .o g 
a} Wave- 
1 mm s length 
a) oF 
1:34) 6:6 | 22229°5 || 4508-57 
22229:0 || 4508-80 
22227°8 || 4508-98 
222259 || 4509-10 
22224:1|| 4509°55 
22223'1|| 4509°77 
22222-2 || 4510-03 
22221°1|| 4510715 
22220°3 || 4510-32 
22218°5 || 4510°48 
22217°9 || 4510°61 
22217:0|| 4510°83 
222160 || 4511-06 
222156 || 4511-25 
22214°8 || 4511°38 
22213°5|| 4511-89 
22212°5 || 4512-07 
22211°4|| 4512-20 
22210-7 |} 4512-48 
22210°2 |} 4512-67 
22209°0 |] 4512-91 
22208°2 || 4513-05 
22207°5 || 4513°35 
22206°4 || 4513-52 
22205°7 || 4513-71 
22205:1)| 4513-84 
22203°9|| 4514°39 
22203'1|| 4514:63* 
22202°2 || 4515-03 
22200°9 || 4515-18 
22200°2 || 4515-27 
22199°6 || 4515-42 
22198°3 || 4515-59 
22197-2|| 4515-95 
22196°7 || 4516°17 
22195-2|| 4516-37 
22193°8 || 4516-54 
22192-2 || 4517-04 
22191°5 || 4517-27 
22190°9 || 4517-39 
22189:2|| 4517-64 
22188'3 || 4517-82 
22187°6 |! 4517-98 
22186:0|| 4518-16 
22185°2|| 4518-27 
22184°5 || 4518-44 
22182-7)| 4519-00 
22181°8 || 4519-14 
22181:2|| 4519-28 
22179:4|| 4519-67* 
22178°5|| 4519:94 
221779 || 4520:10 
22175°8 || 4520°36 
22174:9|| 4520°47 
22174-4|| 4520-71 


HOWTO ROR ROO ORR « 


Intensity 
and 


Character uer 


BRIERE ORI WARAWAnArNarUNnNh oooh 


= 
dalle Te Tat 


n 


ORROP RW RWNN ERR WwWwWwW Rw 


Reduction 
to Vacuum 


Oscillation 
Frequency 


1:34] 66 | 221734 
221722 
22171°4 
22170°8 
22168°6 
22167°5 
22166-2 
22165°5 
22164°8 
22164:0 
22163°3 
22162°3 
22161°1 
22160-2 
22159°6 
221571 
221562 
22155°5 
221542 
22153°2 
22152°0 
22151-4 
22149°9 
22149°1 
2214871 
22147°5 
22144°8 
22143°6 
22141°6 
22140°9 
22140°5 
22139°7 
22138°9 
22137°1 
22136'1 
2213571 
22134-2 
22131°8 
22130°7 
2213071 
22129°8 
22128:0 
22127-2 
22126°3 
22125°8 
22124°9 
221222 
22121°5 
22120°8 
22118°9 
22117°6 
22116°8 
22115°5 
22115°0 
22113°8 


Loli! 
oe 


a 


ee A i a i tt tae 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


| Reduction ab Reduction ab 

ric: Tnten sity to Vacuum 3 3 Was. Intensity to Vacuum = 5 

length Character 1 3S length [Character 1_| 3F 

A+ as Or At n Om 
4520°84 + 1:35 | 6°6| 22113°2|| 4534-49 4b 1:35 | 6°6 | 22046°6 
4521-08 6 22112°0}|| 4535°13 5 \ b 22043°5 
4521°19 5 22111°5|| 4535°48 3s. 22041°8 
4521°65 5 22109°2|| 4535:°67* | 3 22040°9 
4521:90 5 22108°0|| 4535:92 4 22039°6 
452208 6 22107°1|| 4536°05 2 22039:0 
4522-40 -b 22105°5 || 4536°16 2 22088°5 
452253 5 221049 || 4536°52 3 22036°7 
4522°86 7b 22103°3 || 4536°75* | 6 22035°6 
4523-45 f 22100°4|| 4537:00 4 22034°4 
4523°85 4 22098°5 || 4537:69 /|10 22031°0 
4523'98 5 b 22097°8 || 4537°98 22029°6 
,4524:20* | 4 22096'7 || 4538:14 iy 22028'9 
4524-47 5 22095°4|| 4538°33 22027°9 
4524°66 2 220945 || 4538°55 5 22026'8 
452488 4 22093°4|| 4538-80 2 22025°5 
4525°04 5 22092°5 || 4539-28 2 22023°3 
4525°47 3 22091°5 || 4539 46* | 6 22022°4 
4525°58 4 22090°0|| 4539-73 2 6°6 | 22021-1 
4525-95 4 22088:2|| 4540°36* | 6 65 | 22018-2 
452614 5 22087°3 || 4540°65* | 6 22017°8 
4526°33 4 22086°3 || 4540°92 3 22016°5 
4526°62 4 22084'9 || 4541-08 2 22015°7 
4526°75 4 22084°3 || 4541°33 6b 22013°5 
4527-23 5 22082°0|| 4541°57 2 22012°3 
4527-42 6© 22081°0}| 4541:72 2 22011°6 
4527°87 5 22078'8 || 4541°86 2 22010°9 
4528-01 4 22078°2|| 4542:03 4s 22010°1 
4528°56 6) bn 22075°5 || 4542°24* | 4 22009°1 
4528-74 Sf 22074°6 || 4542°50* | 4 22007°8 
4529-01 2 22073°3 || 4542°84 3 22006°2 
4529°19 4 22072'4 || 4543-04 2 22005°2 
4529°30 4 22071°9|| 4543°23* | 7 220043 
4529°48 4 22071:0|| 4543-71 4 22001°9 
4529-69 + 22070°0 || 4543-90 3 22001:0 
4529-87 4 22069'1 |} 454417 6 21999-7 
4530 00 4 22068°8 || 4544-28 21999°2 
4530°22 2 22067°4|| 4544:53 3 21998-0 
4530°38 2 22066°6 || 4544-71 5 21997°1 
4530°53 + 22065°9 || 4545715 5 21995-0 
4530°68 5 22065°1|| 4545°29 5 219943 
4530°84 4© 22064°4|| 4545°52 2 21993°2 
4531:27 5© 22062°3|| 4545-70 4 21992°3 
4531-42 + 22061°5|| 4545-91 3 21991°3 
453181 | 5 22059°6 || 4546°10 5b (4 21990°4 
4532-00 6s 220587 || 4546°39 lines) 21989-0 
4532-13 4 22058°1 || 4546°57 3 219881 
4532-76 | 5 22055:0|| 4546-79 A 21987°0 
4532°98 3 22054°2 || 4546:94 3 21986°3 
4533-04 4 22053°6 || 4547-18 3 21985:1 
4533°20 4) 22052'9|| 4547°33 6 21984°4 
4533°36 3 b 22052°1 4547°53 5 21983-5 
4533-04 | 5 99051:2|| 4547-91* | 4b 21981-6 
4533-68 4 22050°5 || 4548°15 3 21980°5 
4534°24 8b 22047'8 || 4548-27 2 21979°9 


240 REPORT— 1892. 
ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 
Reduction ah Reduction EWS 
See, Intensity to Vacuum 3 3 Wave. Intensity to Vacuum - J 
Jength Character 7 a Pat length Character il 3 = 
tala pelo RS ale — | ete es 
4548-40 | 4 1:35 | 6:5 | 21979-2|| 4560°38 | 4 1:36 | 65 | 21931°5 
454858 | 2 219784 || 4560-56 | 3 21930°6 
4548-71 | 4 219775 || 4560-69 | 3 21930°0 
4548-93 | 2 21976°7 || 4560°88 | 3\) 21929°1 
454918 | 4 21975°5 || 4561:02 | 2 21928°4 
4549°36 | 4 219746 || 4561:21 | 4 21927°5 
454951 | 4 21973°9 |} 4561:39 | 4 219266 
4549°77* | 5 219726 || 456148 | 3 21926°2 
4550°02 | 2 21971:4|| 4561:75 | 4 21924-9 
4550716 | 2 21970°7 || 4562°17 | 4 219229 
455040 | 6Y 21969°6 || 4562°30 | 5 21922°3 
4550°65* | 5 J 21968°4 || 456247 | 5 21921:4 
4550°90 | 2 21967:2|| 4562-70 | 4 21920°3 
4551:10* | 4 21966°2|| 4563°12 | 4 219183 
4551-33 | 2 21965'1}| 4563°34 | 4 21917°3 
455154 | 2 219641|| 4563-57 | 4 21906°2 | 
4551-83 | 5 21962°7|| 4563-:77 | 4 21905:2 
455204 | 4 21961°7 || 4564-01 | 4 219040 
455222 | 3 21960°8|| 4564-26 | 4 21902°8 | 
455255 | 5bn 21959°2|| 4564-47 | 2 21901°8 
455281 | 3 21958:0|| 456472 | 3 21900°7 
455291 | 2 21957°5 || 456548 | 3+b 21897:0 
4553151) 4p 21956'3 || 4565:69 | 4 218960 
4553°30 21955°6 || 4565°98 | 3 21895°6 
4553-48 | 3 21954°7 || 4566°17* | 5 21893 °7 
4553-79 | 3 21953:2 || 4566-40 | 3 21892°6 
4554-01* | 6 21952°2|| 456699 | 4 21889°8 
4554:29* | 4 21950°8 || 4567:10 | 2 21889°2 
455465 | 4 21959'1)| 4567°32 | 4 21888:2 
4554-80 | 3s 21958°4|| 456755 | 4 21887:1 
4554-98 | 4 1°35 21957°5 || 4567-74 | 2 218862 
455514 | 2 1:36 21956°7 || 4567:°95 | 4 21885°2 
455524 | 3 21956'2|| 456815 | 3 21884°2 
455544 | 4 21955°3 || 4568°35 | 3 218832 
455557 | 5 21954°6 || 4568°56 | 3 21882°2 
455583 | 3 21953'4|| 4568°79 | 3 21881°1 
455614 | 4 21951°9|| 4569°01 | 5 21880:1 | 
455646 | 2 21950°4 || 456913 | 5 21879°5 
455666 | 3 21949°4|| 4569-40 | 5 21878°2 
4556-78 | 3 21948°9|| 4569°66 | 4 21877-0 
4557:06 | 4 219475 || 4569°76 | 5 21876°5 
455720 | 4 21946°8|| 4570°02 | 4 218752 
455737 | 2 21946:0|| 4570-24 | 5 21874-2 
455752 | 3 21945°3|| 4570-44 | 6 21873°2 
455784 | 8 21943°7 || 4570-67 | 4 21871°5 
455827 | 3 21941:6|| 4571°11 | 5 21870°0 
455855 | 2 21940°3 || 4571-30 | 4 21869°1 
455871 | 4 21939°5 |} 457151 | 3 21868:1 
4558°85 | 4 21938°8)| 4571-65 | 4 21867°4 
4559:09 | 5 21937°7 || 4571-87 | t 21866°4 
4559°33 | 2 21936°5 || 4572°22* | 4 218647 
45597521) 94 21935°6 || 4572°42 | 5 21863°7 
4559-75 219845 || 4572°60 | 3 21862°9 
4559-93 | 4 21933°7 || 4572°73 | 2 21862°3 
4560714 | 2 21932°6|| 4572°95 | 4 21861:2 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS 24] 


ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Reduction Bb Reduction | Ep, 

Wave. Intensity to Vacuum = 3 ae oa! Intensity to Vacuum | = 5 

See. (character Real ee S ene th Character pty p bell Wen 5 

x | OF i Or 
457313 | 4 1:36 | 65} 21860-4|| 4585:47 | 4 1:36 | 6°5} 21801°5 
4573°31 | 4 21859°5 || 4585°76 | 3 21800°1 
4573-48 | 3 21858°7 || 4585°96* | 4 21799°2 
457371 | 4 218576 || 4586:°27 | 4 21797°7 
4573°87 | 4 218568 || 458650 | 4 21796°6 
457405 | 4 218550 || 458669 | 4 21795°7 
457419 | 2 21855°3 || 4586°88 | 4 21794:8 
457448 | 4b 21853'9 || 4587°12 } 3 21793°7 
457467 | 4b 21853:0 || 4587-22 21792°2 
457491 | 2n 218518 || 4587-48 | 4 21792'0 
457518 | 3 21850°6 || 4587-69 | 3 21791:°0 
4575°37 | 2 21849°6 || 4587-84 | 4 21790-2 
457557 | 3 21848:7 || 4588-08 | 3 217891 
457576 | 2 218478 || 4588:26 | 4 21788:2 
457598 | 3 21846°7|| 4588-51 | 4 21787-1 
457618 | 3 21845°8 |) 4588-71 | 2 2178671 
457647 | 6 l 218444 || 4588°89 | 3 1:36 21785°3 
4576-76 | 5b 21843:0 || (458917 | 2 1:37 21783°9 
4577-00 Bf 21841:9 || 4589°55 | 3br 21782°1 
4577:22 | 2 21840°8 || 4589:73 | 2 21781°3 
4577°37 | 3 21840:1}| 4589°87 | 3 21780°6 
457756 | 3 218382 || 459014 | 3 21779°3 
4577-71 | 3 21838°5 || 4590°30 | 3 217786 
4577-88 | 3 218375 || 4590°50 | 3 21777°6 
457811 | 4 21836°6 || 4590°80 | 4 21776°2 
457840 | 2 21835°2|| 4590°95 | 4 217755 
457858 | 4 218343 || 4591-21 | 3 21774-2 
457893 | 3 21832°7|| 4591:35 | 2 21773°6 
457918 | 5n 218315 || 459157 | 3;-b 21772°5 
4579°46* | 3 2183071 |} 4591°73 | 3 21771°8 
4579°84 | 2 21828°3|| 4591:86 | 3 21771:2 
458007 | 3 218272 || 4592-07* | 4 217702 
4580°25 | 3 21826°4|| 4592:29 | 3b 21769°1 
4580°43* | 4 21825°5 || 4592-46 | 3 217683 
4580:70 | 3 21824:2|| 4592°64 | 3 217675 
458094 | 3 21823-1]| 4592:92 | 3 21766°1 
458118 | 5 21821:9|| 459314 | 4 21765:1 
458152 | 4 21820°3 || 4593-42 } 4 21763'8 
458168 | 3 21819°5 || 4593°50 21763°4 
4581:96 | 3 21818°2|| 4593-72 | 4 21762°3 
4582-07 “| 3 21817°5 || 459397 | 6 21761:2 
458219 | 2 21817:1|| 4594:25 | 4 21759°8 
4582-44 | 4 21815°9 || 459451 | 3 21758°6 
4582°71 | 5 218147 || 4594-68 | 4 21757'8 
458296 | 5 21813°5 || 4594-87 | 4 l 21756°9 
4583°46* | 2 21811:1|| 4595-13 b 21755°7 
4583-71 | 4 21809°9|| 4595-39 4 21754:4 
458393 | 4 21808°8|| 459563 | 2 21753°3 
458418 | 3 21807°6 || 4595°86 | 2 21752:2 
458436 | 3 21806°8 |} 4596-05* | 5 21751°3 
4584-58 | 4 21805°5 || 4596-25 4 21750°4 
458477 | 3 21804°6 || 4596°35 21749°9 
458489 | 3 21803 3|| 4596°53* | 2 21749°1 
4585:02 | 2 21803°6|| 4596°82 | 4 21747°7 
4585-23 | 4 21802°6 || 4596:93 | 4 21747:1 


1892, B 


242 REPORT—1892. 


ALUMINIUM OXIDE (ARC SPECTRUM)—continucd. 


Reduction| gp, Reduction db 
oo 

5 aN Intensity to Vacuum = 5; ee Intensity to Vacuum = 

length | op dene 1 a Jength ~ | Gharacter 1 3S 

Character) 4 = ae ne ca ps 
459716 | 2 1:37 | 65] 21746:1|) 4611:94 | 2 1:37 | 64) 21676:4 
4597-40 | 3 21744'9|| 461212 | 3 | 21675°6 
4597°60* | 4bn 21744:0|| 4612°32 | 2 21674°7 
4597°86* | 3 21742°7|| 4612-48 | 2 21673°9 
459855 | 4 21739°5|| 4612°63 | 3 21673°2 
459882 | 2 21738°2 || 4612°85 | 4 21672°2 
4598-99 | 3 21737°4|| 4613:16 | 3 21670°7 
459928) | - 21736:0|| 4613-46 | 4 21669°3 
4599-41 f 21735°4|| 4613°85* | 3 21667°5 
4599'79 | 4n 21733°6 || 461409 | 2 216663 
4600'22 | 4 21731°6|| 461427 | 2 21665°5 
4600'43 | 3 21730°6|| 461449 | 4 21664°5 
460071 | 4 21729°3|| 461478 | 4 21663°1 
460116 | 3n 21727:1|| 4615°00 | 3 21662°1 
4601°36 | 2n 21726°2|| 4615:22 | 3 21661:0 
460165 | 4n 21724'8|| 4615-43 | 2 21660°0 
460194 | 4n 21723°5|| 461614 | 4n \ b 21656'7 
4602°41 | 2 21721:2|| 461668 | 4n 216542 
460258 | 3 21720°4|| 4616°97 | 3 21653°8 
4602°88* | 4 21719°0|| 4617-20) 3 21651°7 
4603-43* | 4 21716-4|| 4617-45 | oT 21650°6 
4603°72* | 4 21715'1|| 461766 | 3 21649°6 
4604:02* | 2 21713°6|| 4618:00 | 3 21648°0 
460417 | 2 21712'9|| 461814 | 2 21647°3 
4604:39* | 2 21711°9|| 4618:°39* | 3 21646°2 
4604-73 | 40 21710°3}| 461864 | 2 21645-0 
460495 | 3 21709°3|| 461884 | 3 216441 
4605:25 | 4 217078 || 461910 | 3 21642°8 
4605-60 } 4 21705°2|| 4619-46) 30 21641°1 
460569 f 21706'8 || 4619-78 f 21639°6 
460593 | 4 217046 || 462001 | 2 21638°6 
4606:28 | 2n 21703'0|| 4620:24 | 2 21637°5 
4606-48 | 3 21702:0|| 462054 | 4 21636:1 
460665 | 2 21701:2|| 462077 | 3 216350 
4606°85 | 3 21700°3 |} 4620°95 21634-2 
4607:13* | 4 21699:0 || 4621:14 4| 3b 21633°3 
4607:38 | 2 216988 || 4621°32 21632°4 
460751 | 2 21697°2|| 4621752 | 2 21631°5 
4607:68* | 3 21696°4 || 4621:73 | 2 21630'5 
460801} | - 21694'8|| 4621°95 | 5 21629°5 
4608-12 21694°3 || 4622°20 | 2 21628°3 
4608-40* | 5 21693°0|| 4622:39 | 4 21627°4 
4608-62 | 2 6:5 | 21692°0|| 462253 | 2 21626°8 
| 460891 | 4 6-4| 21690°6|| 462284 | 5 21625°4 
4609°73 | 4 21686°8 || 4623-20 | 4 21623°6 
4609'88 | 2 21686:1|| 4623-45 | 4 21622°5 
460996 | 2 21685°8|| 4623°85 | 3 21620°6 
461014 | 4 21684:°9||} 462417 | 3 21619°1 
461027 | 3 21684°3 || 4624-40 | 3 21618:0 
461051 | 2 21683°2 || 462458 | 3 21617-2 
4610°'74 | 5 21682:1|| 462476 | 3 21616°3 
461094 | 2 21681:1|| 4624:96 | 4 21615:4 
4611:09 | 4 21680°4|| 4625°30 | 4n 1:37 21613°'8 
4611:20 | 3 21679°9 cei? 4b 1:38 2161271 
461153 | 3b” 21678:4 || 4625°77 21610°8. 


en 


ON WAYE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 


Wave- 
length 


4626°36 
4626°52 
4626°74 
4626°89 
4627-07 
4627-28 
4627-42 
4627:°73 
4628-00 
4628-20 
4628°51 
4628°83 
4629:18 
4629-33 
4629-81 
462996 
4630°30 
4630-62 
4631-07 
4631:34 
4631:56 
4631-76 
4631-98 
4632:13 
4632°28 
4632-64 
463302 
4633718 
4633°44 
4633°56 
4633°98 
4634:43 
4634°61 
463477 
463494 
4635°10 
4635°21 
4635-41 
463572 
4635°87 
463604 
4636:18 
4636'35 
4636-48 
4636°84 
4637°29 
4637°56 
4638°55* 
4638-91 
4639°23* 
4639°54 
4640°08 
4640°33 
4640°62* 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Reduction 
Intensity to Vacuum 
ah eel ; 
aracter 
A+ x 
1:38 | 6-4 
4b 
4 
4 
2 
2 
2 
4 
3 
3 
4 
= 
2 
2 
2 


© 


——, 
om 


Se eyes eaten oe Bo) NS 02, BOC ROBO) RS) Sie NOS PU LET /NG Co) RO! He (02 /C0NO)BO|RO/ROI COINS) Hee 
=) 
ao 


Oscillation 
Frequency 


21609°9 


216089 
21608'1 
2160771 
216064 
21605°7 
21604°6 
21603-9 
21602°5 
21601°2 
21600°3 
21598'8 
21597°3 
21595°7 
215950 
21592°8 
21592°1 
21590°5 
21589-0 
21586°9 
21585°6 
21584°6 
215837 
21582°6 
21581:9 
215812 
21579°6 
21577°8 
21577-0 
21575°8 
215753 
21573°3 
21571:2 
215704 
21569°6 
21568°8 
2156871 
21567°6 
21566°7 
21565°2 
215645 
21563°7 
21563°1 
21562°3 
21561°7 
21560:0 
21557°9 
21556°7 
21552°1 
21550°4 
21548°9 
21548°5 
21544°9 
21543°8 


21542°4 | 


Reduction ais 

we Intensity |t0 Vacuum; .2 3 

Vave- and S38 

length | Character! iy 3 S 

anew let iy Cn i 
4640°83 i 3t 1°38 | 6:4 | 21541°5 
4641-07 J 21540°3 
4641:29 3 21539°3 
4641°45 2 21538°6 
4641°72 3n 21587:3 
4641:96 2 21536°2 
4642°15 2 21535°3 
4642°36 3bY 21534:4 
4642°82 2 21532°2 
464301 2 215313 
4643-21 2 21530°4 
4643°39 2 21529°6 
4644°39 2 215249 
4644°65 5n 21523°7 
4644-95 4 21522-4 
4645-09 3 21521°7 
4645°37 3 21520°4 
464561 2 21519°3 
4645:94 2 215178 
4646:09 2 215171 
4646:43 4n 21515°5 
4646:79 3 21513°8 
4647:28 2 21511°6 
4647°47 2 21510°7 
4647°79 2 21509:2 
4648:07 2 21507°9 

Group 4648-4842 
464814 (12 21507°6 
4648-99 3 21503°6 
464911 4 2150371 
4649°31 4 21502°2 
4649-47 4 21501°4 
4649°69 4 21500°4 
4649:89 4 21499°5 
4650°12 4 21498°4 
4650°39 4* 21497-2 
4650°67 4* = 21495°9 
4650:97 4* 21494:5 
4651:27 5* 21493°1 
4651°58 5 21491°7 
4651°67 21491°2 
4651°94 5 21490-0 
4652-04 21489°5 
4652°30 5 21488°3 
4652°37 21488:°0 
4652-68 4 21486°6 
4652-78 3 2148671 
4653-06 4 21484'°8 
4653718 3 214843 
4653°51 4 21482°7 
4653°61 3 21482°3 
4653-94 4 21480°8 
R2 


243 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


. , Reduction ayes Reduction Spb, 
ee. Intensity to Vacuum| .2 a ae Intensity to Vacuum] .= 8 
ave and = 3 terieth and |=oseies| aoe 
length | Character s 1 58 oe Character} ,, | 1_| § = 
a e,| OR x Cm 
465404 | 4 1:38 | 6-4| 21480°3|| 4668-04 | 5 1:39 | 6-4 | 21415-9 
4054-40 | 5 214786 || 4668:36 | 4 ! 21414-4 
4654-52 | 4 21478'1|| 466854 | 4 214136 
4664-86 | 5 21476°5|| 4668:86* | 5 21412°1 
465502 | 4 21475°8 || 466922 | 4 21410°4 
4655-34 | 6 21474°3|| 4669-40 | 4) 21409'5 
465550 | 4 21473°6|| 466972) | 21408-2 
4655°86 5 21471:9|| 4669:79 f 21407°8 
4656-02 | 4 21471°2|| 467012 | 4 21406°3 
4656°42 6 21469°3|| 4670-29 4 21405°5 
4656°57 4 214686 || 4670°62) 5 | 214040 
465691 6 21467:1|| 4670°72 f 21403°6 
4657°10 4 21466:2|| 4671:02 af 21402'2 
465751 6 21464°3|| 4671-21 4 21401°3 
4657-70 | 4 21463-4|| 4671-53) | , 21399°9 
4658-07 6 21461-7|| 4671-61) 21399°5 
4658-27 | 4 21460°8 || 4671-97 | 2 21397'8 
4658-68" | 6 21458-9|| 4672-15 | 12 213970 
465891 | 4 21458'8|| 4672-48 213955 
4659251| 5) 21456°3|| 4672-62 21394-9 
4659°35 f i 21455°8 4672:97 4 213933 
465955 | 4f 21454-9|| 4673-14 | 4 213925 
4659'881| 21463-4|| 4673-43 | 3s 213912 
4659:98 21452°9 4673°58 4 21390°5 
4660'18 1: 21452-0|| 467380 | 2 21389°5 
4660°4 | 5) 214503 || 4673-91 | 3 22389°0 
4660°67 4 21449°7 || 4674-09 4 21388°1 
466081 | 4J | 1°38 21449°1|| 467438 | 5 21386°8 
466120 | 5) | 139 214473 || 467453 | 4 21386'1 
4661°34 | 4 21446-7|| 467471 | 3 21385'3 
466154 | 4] 21445:7|| 467490 | 4 6-4 | 21384-4 
466191 | 5 21444-0|| 4675°15* | 3 6°3 | 21383-4 
466208 | 4 91443-2|| 467537 |. 3 213824 
466222 | 4 21442°6|| 467551 | 4 212817 
466261 | 5 214408 || 467565 | 3 21381'1 
4662°78 al 214400 || 4675-91 | 41} 21379°9 
4662.96 | 5 21439-2 || 467637 | 4/ 213778 
466333 | 5 214375 || 467652 | 2 213771 
466351 | 4 214367 || 4676-66 | 2 213765 
4663°66 it 21436:0 || 467681 2 21375'8 
466407 | 5) 214341 || 4676:96 | 4 21375°1 
466430 | 4 21433°0|| 467710 | 4 5b 21374°5 
4g64-45 | 4) 21432°3 || 4677-20 | 4 213740 
466481 | 5 214307 || 467738 | 4 21373-2 
4665-05 | 4 21429°6|| 4677:50 | 5 hy 21372'6 
466524 | 4 21498-7|| 4677-61 | 3 21372/1 
4665°62 5 21427-0|| 467784 2 213711 
4665'85 it 21425-9 || 4677-95) | 213706 
466603 | 4 214251 || 4678-03 21370°2 
466638 | 5 21423°5|| 4678-24 | 3 21369°3 
aeece7 | 4 \ 21499-1|| 4678-41 | 5 21368°5 
4667°22 5] 21419°6|| 4678-74 2 21357°0 
466750 | 4 21418:3|| 467891 | 2 213662 
4667-67 | 45 21417-6 || 4679-23 | 3 21264-7 


—————————oOoO 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 


Wave- 
length 


4679°51 


4679°89 
4680:04 
4680-21 
4680°38 
4680°56 
4680°71 
4680°68 
4681-13 
4681°30 
4681-66* 
4681:90 
4682°31* 
4682°52* 
4682-73 
4682°85 
4683-08 
4683°37 
4683-52 
4683-69 
4683°86 
4684-00 
468417 
4684-37 
4684°66 
468485 
468501 
4685°11 
468532 
4685°51 
4685°69* 
4685°84 
4686-03 
4686:18 
4686-72 
4686-91 
4687-07 
4687°35 
468748 
4687-66 
4687°83 
4688-23 
4688-56 
4688°69 
4688-97 
4689-19 
4689:32 
4689°49 
4689°77 
4689°95 
4690 11 
469019 
4690°58 
4690°80 
| 4691-00 


ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 
oe I SS OE EEE 


Intensity 


and 
Character 


77] 


a 


o 


ae 


OW BO H 09 bo Oo Oo HB en bo bo bo 


He 
a 
o 


— 


DWWWROR OP WR bP 
ing 


a aa 
e~ Ved 
om om 


| Reduction 
.to Vacuum 


1 


At] s- 


a 


1:39 | 6:3 
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aries Reduction ab 
28 Intensity | *° Me 8 
es ||| See rw | an ee. 
— eng a 
és 5 Character| . 1 EPs 
21363°5|| 4691-18 | 3 1:39 |63 | 21310°3 
21361°7 || 4691-40 | 3 21309°3 
21361-0|| 4691-71 | 3 21307-9 
21360°3|| 4691-84 | 3 21307°3 
21359°5 ||. 469206 | 3 213063 
213587 || 4692-27 | 5 21305°3 
21358-0|/ 4692-45 | 5 |) 21304-5 
21356°7 || 4692:58 | 4 213039 
21356:1|| 469267 | 4 213035 
21355°3|| 4693-11 | 4 21301°5 
213536|| 469333 | 4), 21300°5 
21352'5 || 469355 | 4f 21299'5 
21350°7 || 4693-67 | 3 21299-0 
21349°7 || 4693-98 | 4 21297°6 
213487 || 4694-20 | 3 21296°6 
213482 || 4694-29 | 3 21296-2 
21347-1|| 469440 | 3 21295-7 
21345°8 || 4694-78 | 4, 21293-9 
21345-2|| 4695-30 21291°6 
21344-4|| 4695:59 | 2 21290°3 
21343-3|| 4695-80 21289°3 
213430 || 4696-01)} @ | 1°39 21288-4 
21342-2|| 4696-30 f 1-40 21287-1 
21341°3|| 4696-43 | 2 212865 
21340-0|| 4696-56 | 2 212865-9 
21339°1|| 4696-73 | 5 21285°1 
21338-4|| 469697 | 6), 21284-0 
21337-9|| 4697-37 3y 21282-9 
21337°0|| 469752 | 3 21281°5 
21336-1|| 4697-65 | 6 21280°9 
21335°3|| 469790 | 6 21279°8 
21334-6|| 4698-07 | 2 21279-0 
213337 || 4698-20 | 2 212784 
21333-0|| 4698:34 | 3 21277'8 
21330°6 || 4698-57 | 2 212768 
21829-7|| 4698-70 | 4) 21276-2 
21329:0|/ 4698-90 | 64d 21275°3 
21327-7 || 4699-00 | 7f 212748 
21327:1|| 4699:30 | 2 212735 
21326°3 || 4699-45 | 2 21272'8 
21325°5|| 4699:69 | 3 212717 
21323-7 || 4699:87 | 5 21270'9 
21322-2|| 470001 | 2 21270°2 
21321°6|| 470017 | 4 21269°5 
21320°3|| 470035 | 4 212687 
21319°3|| 4700-44 | 2 21268°3 
21318°7 || 470068 | 3 212672 
21318-0|| 4700-89 | 5 21268:3 
21316-7|| 4701-04 | 5 21265°6 
21315-9|| 4701-18 | 3 212650 
21315°2|| 4701-30 | 3 212644 
213148 || 470156 | 4 21263:2 
21313-0|| 4701-74 | 4 |) 212624 
21312°0|| 4701-91 | 4 21261-7 
213111 |] 470201 | 4 212612 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Reduction =ss Reduction Hobs 

Pia Intensity to Vacuum a 5 Wave. | Intensity to Vacuum 2 F 

length and Bao length and I = 

Character 1 go Character he Ba 

Saag | MOR RT 1 Om 

| 

470217) | 5 1:40 | 6:3 | 21260°5)| 471355 | 4 1:40] 6°3 | 21209°1 
4702°27 J 21260°0|| 4713:84 | 4 21207'8 
470253 | 3 21258°8|| 471406 | 4 21206°9 
4702°70 | 4b 21258:1|| 471419 | 5 212062 
470297 | 6b 212569 || 471457) | 5 21205°4 
4703°64 | 3 21253'8 || 4714-44 21205:1 
470380 | 4 21253:1|| 4714:69 | 2 21204-0 
470402 | 4 21252°1|| 471488 | 6 21203:1 
470414 | 4 21251°6 || 4715°07 | 4 21202'3 
470439 | 5b 21250°4 || 4715-45 | 6 21200°6 
470460 | 3 21249°5 || 4715-74 | 4 21199°3 
4704-75 | 3 21248°8 || 4716°02 | 5 211980 
470491 | 3 21248:1|| 4716-40 ibe 21196°8 
4705-07 || 4 21247-4 || 471668 | 5 2119571 
4705°16 21247:0|| 4716°87 | 4 21194-2 
4705°35 | 2 21246:1|| 4717:04 | 3 21193°4 
470551 | 3 21245:4|)| 4717:°31 | 3 21192°2 
470562 | 3 212449 || 4717-49 | 5 21191°4 
4705°89 | 7 212437 || 4718:00 | 6 21189°1 
4706-01 f 21243°1|| 4718-11 | 6 21188°6 
470617) | 7 21242°4/|| 4718°33 | 6 211876 
4706°26 21242:0|| 4718-47 | 6 21187°0 
470657 | 3 21240°6 || 471880 | 3 21185°5 
410677 | 4 21239°7 || 4719:°00 | 2 211846 
470688 | 3 21239°2 || 4719°12 | 2 211841 
470710 | 2 21238°2 || 4719°29 > 21183°3 
4707-26 | Tb 212375 || 4719-41 21182°8 
4707-53 J 21236°3 || 4719°68 | 4 211816 
4707838 | 3 21234-7 || 4719:89 | 3 21180°6 
470810 | 3 21233°7 || 472005 | 3 21179°9 
4708:25 | 3 21233°0|| 472021 | 2 211792 
470838 | 3 21232°4|| 472032 | 4 21178°7 
470851 | 4 21231°8|| 4720°61 | 3 211774 
4708-77 | 6 21230:7 || 4720-76 | 4 21176°7 
470894 | 6 21229°9|| 4721:02 | 3 21175°6 
4709'23 | 4 21228°6 || 4721:17 | 2© 211749 
470945 | 6 21227:3 || 4721:27 | 4 bo 21174°4 
470962 | 6 21226°8 || 4721:38 | 2 21173°9 
4709:99 | 2 21225:2 || 4721°59 | 4 21173-0 
4710:21* | 6b 21224-2|| 4721:89 | 4 21171°7 
471044 | 4 ] 21223'1 || 472208 | 6 21170°8 
4710°61 b 21222:1|| 472226 | 4 4b 211700 
471080 | 4 f 21221°5 || 472236 | 4 21169°5 
471097 | 3 21220°7 || 4722°56* | 3 21168°7 
471108 | 2 21220°3 || 4722°80 | 2 21167°3 
4711-47 | 3 21218°5 || 472301 | 5 21166°6 
4711-69 | 5 212175 || 4723-26 | 5 211655 
471181 | 8 21217-0|| 4723:47 | 4 21164°3 
471198 | 8 21216°2|| 4723-59 | 2 21164-:0 
4712-27 | 3 212149 || 4723:78* | 2 21163-2 
4712-47 | 4 21214-0|| 4723:99 | 3 211622 
471257 | 3 21213°5 || 4724-09 | 3 21161°8 
4712/97 '| 6 21211°7 || 4724-27 | 4 211610 
471316 | 212109 || 472452 | 2 b 21159-9 
4713°35 f 21210:0 || 472463 | 4 } 21159°4 
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Wave- 
length 


4724:86 


4725°13 
4725°30 
4725°61 
4725-72 
4726°03 
4726°24* 
4726°59 
4726°83 
4727-20 
4727-40 
4727-81 
4728°01 
4728°17 
4728°41 
472867 
472881 
472897 
4729-10 
4729-29 
4729-43 
4729°81* 
4730°03* 
4730-22 
4730-41 
4730°58 
4730°68 
4730°88 
4731:15 
4731°37 
4731:52 
4731°69 
4731-82 
4732-08 
4732°37 
4732°62 
4732°81 
4732°96 
4733°11 
4733°35 
4733°46 
4733°77 
4733°97 
473414 
4734°35 
473462 
473483 
4734-96 
473513 
4735°35 
4735°71 
4735°94) 


4736-08 f 


4736°32 
4736°53 


ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Reduction Bb 
Intensity to Vacuum Be 5 Wise 
and = i 
Character wy Ss a 
A+ Xr Om 
4 1:40] 63} 21158°3|| 4736:80 
ibs 21157':1|| 4736°94 
4 211564 || 4737°20 
4 21155°0|| 4737-38 
2 21154°5|| 4737°61 
5 21153'1|| 4737-86 
6b 21152°2|| 4738:17 
4 21150°6|| 4738-50 
3 21149°5 || 4738-75 
+ 21148:9|| 4739-00 
6 21147:0|| 4739°17 
2 21145:1|| 4739-42 
4 21144:2|) 4739-78 
5 21143°5|| 4739-99 
5 21142°5 || 4740°35 
3 21141°3|| 4740°67 
5 21140°7 || 4740-75 
4 21139°9 || 4740:93 
4 21139°4|| 4741:26 
5 21138°5 || 4741°57 
5n 21137:9|| 4741:73 
3 211362 || 4742°06 
3 21135:2|| 4742:22 
3 21134: 4)|| 4742°37 
5 21133°5 || 4742'56 
4 21132°8 || 4442-79 
4 21132°3 || 4742:99 
3 1-40 21131:4|| 4743:16 
2 1:41 21130°2 || 4743:37 
3 21129:2|| 4743°65 
5 21128°6 || 4743°85) 
5 211278 || 4743-94 ¢ 
5 21127°2|| 474414 
3 21126°0|| 4744-45 
2 211248 || 4744:70 
4 21123°6|| 4744°95 
4 21122°8 || 4745:17 
2 21122°1 || 4745°57 
3 21121°5 || 4745°83 
5 21120°4|| 4446°11 
5 21119°9|| 4746°30 
4 21118°5 |} 4746-53 
2 21117°6 || 4746-64 
3 21116°9 || 4746°95 
3 21115°9|| 4747712 
3 211147 || 4747:23 
4 21113°8 |} 4747-47 
4 a 21113°2 || 4747-64 
6 21112°4|| 4747-85 
5: 21111°5 || 4747:96 
2 211098 || 4748-18 
7 21108'8 || 4748-33 
211082 || 4748-57 
5 21107'1|| 4748°88 
3 21106°2|| 4749-02 


Intensity 
and 
Character 


— 
ion 


ees 
ion 


n 


DP WHO OT PE ROP PEER ER OD PRO PUP PROPOR PEER OOF POOR ROLE Ob 


Reduction 


to Vacuum 


1 


63 
62 


Oscillation 
Frequency 


21105'0 


21104°4 
21103°2 
21102°4 
21101°4 
21100°3 
21098°9 
210974 
21096°3 
210952 
21094°4 
21093°3 
21091°7 
21090°8 
21088:2 
21087'8 
21087°4 
21086°6 
21085:1 
21083°8 
21083-0 
21081°6 
21080°9 
21080:2 
21079°4 
21078°3 
21077°-4 
210767 
21075°8 
210745 
21073°6 
21073:2 
21072°3 
21071:0 
21069°8 
21068°7 
21068-0 
21066:0 
21064:8 
21063°6 
21062-7 
21061-7 
21061:2 
21059°9 
21059:1 
21058°6 
21057°5 
21056°8 
21055°9 
21055°4 
21054-4 
21053°8 
21052'8 | 
21051:4 

21050°8 |’ 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Reduction 


Reduction 


sop, =a 
Wave. _| Intensity to Vacuum Be 8 Wave. _ | Intensity to Vacuum ze a 
length Ch Bae 1 me length and ¥ 1 = a 
aracter eel eae Se Character cea WL 32 
a Om nN Om 
474919 | 6 1-41 | 6-2 | 210500!) 4761:02 | 3 1-41 | 6:2] 20997:7 
4749:51 | 2 21048'6 || 4761:28 | 3 20996°5 
474974 | 4 21047°6 || 4761°52 zt b 20999°5 
475001 | 4 21046°4 || 4761-80 20994°3 
4750:°26 | 3 21045°3 || 4762°07 | 5bn 20993'1 
4750°42 | 2 210446 || 4762°34 | 3 20991°9 
4750°56 | 5 21043°9|| 4762:51 | 5© 209911 
4750°84 | 4 21042°7 || 4762°69)| - 20990°3 
475113 | 4 21041-4|| 4762°81 f| ° 20989°8 
475133 | 3 21040°5 || 4763-02* | 5 20988°9 
4751°81 4 21038°4|| 4763-60 | 4br 20986:3 
4752:09 | 3 21037:2|| 4763°85 | 3 20985:2 
A752°27 | 7 21036°4|| 4764:02 | 4 20984°5 
4752°53 | 7 21035°2|| 4764:25 | 3 20983°5 
4752°T5 | 2 210342 || 4764-46 1 5 20982°5 
475300 | 2 21033:1|| 4764-64 | 4sy 20981°7 
4753:23 || » 21032°1|| 4764-78 | 2 20981°1 
4753°36 {| 7 21031'5 || 4764-93 | 3 20980°5 
4753°54 | 5 21030°7 || 4765°14 | 3 20979°5 
4753-75 | 2 21029°8 || 4765°40 aby 209784 
475399 | 4 21028°8 || 4765°54 | 3 20977:8 
475410 | 2 21028:3 || 4765:78 | 3 20976°7 
475452 | 5) 21026-4|| 4765°95 | 3 1:41 20976'0 
475468 | 5 21025°7 || 4766°30 | 4 1-42 20974-4 
475490 | 5 210247 || 476653 | 6© 20973°4 
475509 | 3 2102379 || 4766°75 6 20972°4 
4755731 3 21022°9|| 4766:95 | 4n 20971°6 
4755-48 | 2 21022:2|| 4767-29 | 2 2997071 
475558 | 2 21021-7 || 4767-40 | 2 20969°6 
4755:73 | 3 21021°1|| 4767-54 | 2 20969:0 
475585 | 2 21020°5 || 4767-773 | 3 20968°1 
4756:00 | 3 210199 || 4767:99 | 2 20967:0 
475612 | 3 21019°3|| 476818 | 2 20966:2 
4756°30 | 4 210185 || 476833 | 4 20965°5 
475652 | 4 21017°6 || 476859 | 4 20964°4 
475682 | 4 21016:2|| 4768-71 | 2 20963°0 
4756-97 | 3 21015°6 || 4769:03 | 3 20962°4 | 
475711 | 3 21015:0|| 4769716 | 2 20961:9 
4757-30 | 3 210141 || 4769°35 | 2 20961-0 
AT5T-4T 4 21013:4|| 4769-48 | 3 20960°4 
4757-54 2101371|| 4769-90 | 2 20958°6 
4757-75 | 40 210127i || 4770°19 | 4 20957°3 
4757-89 | 4 210115 || 4770°53 | 3 20955:8 
475812 | 4 21010°5 || 4770-66. | 3 20955°3 
475833 | 50 21009°6 || 4770°93 209541 
475856 | 5 210086 |} 4771:14 | 4 20953'1 
4768-95 | 5 21008°6 || 4771°39 | 2 20952:0 | 
4759°05 | 5 21006°4 || 477156 | 4 20951°3 
4759°37 | 5 21005-0|| 477167 | 4 20950°8 
475950 | 5 21004°4/|| 4773°85 | 4 20950°0 
4759°83 | 3 21002°9|| 477210 | 4 20949°9 | 
4759:99 | 3 21002:2|| 4772:°37 | 3 20947°7 
4760°32 | 6 21000°8 || 4772°76 | 2 20946:0 
4760°57 | 5 20999°7 || 4773-08 4 b 20944-6 
4760°78 | 5 20998°8 || 477323 | 3 


209440 


————————————<— 


oS 3 ee 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Reduction oy 
Wave- Bless ee 3 5 Wave- 
n an 29. aa = 
mote tht Oharacter x 1 35 Jeng;th 
Pa |. CF 

4773°39 | 31, | 142 | 62) 20943:3 || 4788-36 
AT73:57* | 4f 20942°5 || 4788-56 
477386 | 3 20941-2|| 4788-90 
477408 | 5 20940°2 || 4789°23 
AT74:35 | 4 20939'1|| 4789-60 
477468 | 4 20937°6 || 4789°89 
4774:93* | 5 20936:5|| 4790-16 
477518) | 4 20935°4 || 4790-45 
4775°27 20935:0|| 4790-73 { 
477560 | 4 209336 || 4790:94 
477603 | 5 20931:7|| 4791-13 } 
477631 | 5 20930°5 || 4791-27 
477655 | 3 20929:4|| 4791-49 
4776-84 | 3 20928:1|| 4791-61 
4777-05 | 2 20927:2|| 4791-93 
4777-26 | 2 20926:3 || 4792-24 
ATTT51 =| 5 20925°2 || 4792°56 
417779 | 4 20924-0|| 4792-71 
AT77-95 | 4 20923°3 || 4792-91 
4778-25 | 5 20922'0|| 4793-08 
4778-56 | 3 20920°6 || 4793-26 
AT78-75 | 2 20919°8 || 4793-65 
4778-95 | 3 20918°9 || 4793-83 
477925 | 5 209176 || 4793-98 
477961 | 4 20916:0 || 4794°39 
4779-73 | 4 20915°5 || 4794:77 
477995 | 4 20914°5 || 4795-01 
478004 | 3 20914:1|| 4795-48 
4780°24 | 4 20913:2|| 4795-63 
4780°61 | 3 209116 || 4795-78 
4780°85 | 4 20910°6 || 4796-03 
4781-68 | 4 20906°9 || 4796°33 
4781:96 | 5b 20905°7 || 4796°53 
4782:26 | 5b 209044 || 4796°68 
4782-76 | 2 20902-2|| 4796:88 
4783:25 | 3 2090071 || 4797-17 
4783'76* | 3 20897°9|| 4797-41 
478396 | 3 20897:0|| 4797-62 
A784:14 | 2 -20896°2 || 4798-02 
4784-28 | 4 20895°6 || 4798-26 
4784-47 | 3 208958 || 4798-45 
4784-61 | 3 208941 || 4798-607, 
478488 | 3 208930 || 479883 f 
478525 | 4 20891°5 || 4799-05 
478556 | 2 20890:0|| 4799:31 
478578 | 2 20889:0|| 4799-71 
4786-04 | 2 20887:9|| 4800-18 
4786°35 | 3 20886'5 || 4800-27 
478663 | 3 2088573 || 4800-56 
4786-74 | 2 20884:8 || 4800-74 
4786-92 |3 20884'1|| 4800-90 
4787:07 | 3 20883:4|| 4801-00 
478744 | 3 20881°8 || 4801-24 
478794 | 3 20879°6|| 4801-44 
4788-07 |3 20879:0 |} 4801-67 


Intensity 
and 


Co OH OU DO 


bo 
(pa ioe 
+ 


BSE BAS BY. SD.Ne SURG. 2 S.J NS BO. B_ 99, SUDO WP BYP BO-09. sR HP BP OP RY Be 
oa 


Character 


A+ 


1:42 


Reduction 
to Vacuum 


Oscillation 
Frequency 


2| 20877°8 


2087679 
20875°4 
208740 
20872°4 
208711 
20869°9 
20868°7 
20867°4 
20866°5 
20865°7 
2U865°1 
208641 
20863°6 
20862°2 
20860°9 
20859°5 
20858°8 
20857:9 
20857°2 
20856°4 
20854°7 
20853°9 
20853°3 
20851°5 
20849°9 
20848°8 
20846°8 
20846-0 
20845°5 
20844°4 
20843°1 
20842°2 
20841°5 
20840°7 
20839°4 
20838°4 
20837°5 
20835°7 
20834°7 
20833'9 
20833°2 
20832-2 
20831-2 
20828-4 
20830°1 
20826°3 
20826-0 
20814°7 
20813°9 
20813°2 
20813°8 
20811°8 
20810°9 
20809°9 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


| Reduction ah Reduction Bb, 
“ion itn ensity ito Vacuum Ee 5 ae Intensity to Vacuum 3 g 
an =) 2 = 

SuEHB Character a 3 S — Character 1 3 o 

Aa OF el SS 
4801‘77 | 2 1:42| 6:2 | 20809°5|| 481749 | 3 1°43) 6°2| 20751°5 
480202 | 2 1:43 20808'4|| 4817-67 | 2 20750°7 
480216 | 3 20807°8 || 4818°40* | 3 20747°6 
4802°50 | 3 2080673 || 4818°59 | 2 20746°8 
4802'72 | 3 20805°3 || 4818-78 | 3 207459 
4803-16* | 4 20803°4 || 481892 } 3 20745°3 
4803°42* | 3 20802°3 || 4819°10 | 2 20744°6 
4803°68* | 3 20801°2|| 4819°33 | 3 20743'2 
480409 | 3 20799°4|| 4819°50 | 3 20742°8 
480447 | 4 20797°7 || 4819°72 | 2 20741°9 
480468 | 2 20797°8 || 4820-48 | 3 6:2 | 20738°6 
4804°88 | 2 20796:0 || 482079 | 2 6:1} 20737°3 
480515 | 2 20794'8 || 4820°96 | 3 20736°6 
480536 | 3 20793°9 || 4821-24 | 2 20735°4 
480571 | 4 20792°4 || 4821-46 | 2 20734°5 
480589 | 2 20791°6 || 482159 | 2 20733°9 
480611 | 2 20790°6 || 4821°87 | 2 20732°7 
4806°26 | 2 20790:0|| 482209 | 2 207318 
480648 | 3 20789°0 || 4822-42 | 3 20730°4 
480666 | 4 20798'°3 || 482226 | 4 20729°3 
480699 | 2 20796°8 || 4823:13* | 3 20727:2 
480761 | 3 20794°2 || 4824:23 | 3 20722°6 
4807-770 | 3 20793°8 || 482460 | 2 20721:0 
480795 | 4 20792°7 || 4824-79 | 2 20720°2 
4808°40 | A 20790°7 || 4825:06 | 2 20719°0 
4808-49 J 20790°3 || 4825°25 | 2 20718:2 
4808:73 | 3 20789°3 || 4825°49 | 2 20717:2 
480897 | 3 207883 || 482602 | 2 20714:9 
4809:26 | 2 20787:0 || 4826°22 | 2 207140 
4809°80* | 5s 20784:7 || 4826-48 | 2 20712°9 
4810°16* | 5s 2078371|| 482665 | 2 20712:2 
4810°53 | 3 20781°5 || 482685 | 2 20711°3 
481092 | 3 20779°8 || 4826°98 | 2 20710°8 
4811:27 | 4 207783 || 4827°38 | 3 20709'1 
481156 | 4 20777:1|| 4827°75 | 2 20707°5 
4811-77 | 2 20776°2 || 4828°09 | 2 207060 
481202 | 2 20775'1 || 4828:23 | 2 20705°4 
4812°30 | 4 207739 || 4828°44 | 2 20704-5 
4812°39 | 2 20773°5 || 4828°64 | 2 20703'7 
481255 | 4 207728 || 4829°10 | 4n 20701:7 
4812°85 | 3 20771°5 || 4830-40 | 2 20696°1 
4812:99 | 2 20770°9 || 4830°60 | 2 20695°3 
481347 | 3n 20768'8 || 4831°33 | 2 20692°1 
4813-79 | 3 20767°4|| 4831-47 | 2 20691°5 
481394 | 2 20766°8 || 4831:77 | 3 20690°2 
4814-21 | 3 207656 || 4832716 | 2 20688°6 
4814-45 | 4 207646 || 4832°36 | 3 20687°7 
481466 | 2 20763°7 || 4832°94 | 2 20685:2 
481484 | 4 20762°9 || 4833°51 | 3 20682°8 
481517 | 3 20761°5|| 483399 | 2 20680°7 
4815°61* | 3 20759°6 || 4834:43* | 2 20678°9 
4816-01 4 20757°9 || 483490 | 3 20676°8 
481630 | 3n 20756°6 || 4835°75 | 3 20673°2 
4816-74 | 4 207547 || 483594 | 3 20672°4 
481715 |} 4 20753'0!| 4836:22 | 2 1:43 20671:2 


SE 
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EEE ————— 
Reduction | 
to Vacuun, 


Wave- 
length 


4836-44 


4836-72 
4836°91 
4837°25 
4837-64 
4838:00 
4838-45 
4838-96 
4839-94 
4840'24 
4840-44 
4840°76 
4841:04 
4841-44 
4841°80 


ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Intensity 
and 
Character 


Group C |A 4842-5 


4849-44 
4842'85 
4842°98 
4843°13 
4843°31 
4843-49 
4843°73 
484392 
4844-17 
4844°37 
4844-45 
4844-65 
4844-72 
4844-94 
4845-04 
4845°26 
4845-34 
4845°57 
4845-64 
4845°89 
4846-00 
484626 
4846°37 
4846-65 
4846-77 
4846-94 
4847-07 
484717 
4847-34 
4847-48 
4847°57 
4847-80 
4847-92 
4848-01 
4848°22 
4848°35 
4848-44 


12 


PROP EOP EDO EEA D PAPER REPRE PP PRR CLO 


041 


Oscillation 
Frequency 


20670°3 


20669°1 
20668°2 
20666°8 
20665°1 
20663°6 
20661°7 
20659°5 
20655°3 
20654:0 
206532 
20651°8 
20650°6 
20649°9 
20647°4 


206446 
20642°9 
206422 
20641°7 
20640°9 
20640°2 
20639°1 
20638°3 
20637°3 
207364 
206361 
206352 
20634-9 
206340 
20633°6 
20632°6 
20632°3 
20631°3 
20631-0 
20629°9 
20629°5 
20628-4 
20627°9 
20626°7 
20626°2 
20625°5 
20624-9 
20624°5 
20623°8 
20623°2 
20622'8 
20621°8 
20621°3 
20620°9 
20620:0 
20619°5 
20619°1 


Wave- 
length 


4848-65 


4848-81 
4848-91 
4849:14 
4849°32 
4849-41 
4849-62 
4849°79 
4849-91 
4850°12 
4850°33 
4850°49 
4850-66 
4850°88 
4851-00 
4851-19 
4851-43 
4851:57 
4851-79 
485201 
4852°17 
4852°34 
4852°58 
4852°76 
4852°93 
4853°22 
4853°39 
4853°56 
4853°83 
4854-01 
485417 
4854-49 
4854-68 
4854°86 
4855°14 
4855°30 
4855°50 
4855-90 
4856-05 
4856-22 
4856°55 
4856°73 
4856°89 
4857-28 
4857°45 
4857°57 
4857-97 
485818 
4858°30 
4858°76 
4858-94 
4859°04 
4859°52 
4859-70 
4859°82 


Intensity 
and 
Character 


(Mo) Ro og ee oo ao oo oe oo els 


Reduction 
to Vacuum 


A+ 


1:44) 61 


1-44| 6-1 


Oscillation 
Frequency 


206182 


20617°5 
20617°1 
20616°1 
20615°4 


; 206150 


20614°1 
20613°3 
20612°8 
20611°9 
20611°1 
20610°4 
20609°6 
20608°7 
20608°2 
206074 
20606°4 
20605°8 
20604'8 
20603°9 
206032 
20602°5 
20601°5 
20600°7 
20600-0 
20598°8 
20598°1 
20597°3 
20596°2 
205954 
20594°7 
205934 
20592°6 
20591°8 
20590°6 
20590°9 
20589°1 
20587°4 
20586°8 
205860 
20584°6 
20583°9 
20583°2 
20581°5 
20580°8 
20580°3 
20578°6 
20577°7 
20577°2 
205753 
205745 
205741 
20572°1 
20571°3 
20570°8 


252 


Wave- 
length 


4860°29 


4860°50 
4860-59 
486112 
4861°33 
4861-41 
4861:92 
486214 
4862°24 
4862°77 
486297 
4863:09 
4863°64 
486382 
4863°94 
4864°50 
4864-70 
4864-79 
4865°43 
4865°61 
4865°67 
4866°33 
486654 
4866°80 
4866°93 
4867-06 
4867°26 
4867°48 
486778 
486803 
4868°05 
486842 
4868°63 
4868°77 
4868°88 
4869:08 
4869°26 
4869°37 
4869-45 
4869°69 
4869°82 
4870-06 
4870°25 
4870°46 
4870°77 
4870°91 
4871-24 
4871:48 
4871-60 
4871-74 
4872-02 
4872°29 
4872°46 
4872-61 
487277 


REPORT—1892. 


ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Intensity 
and 
Character 


2 > DD SD DS OO fe OU Be OU > OL OD OD He Oo OT HR OL OT Orr 


bo 


t 


4 
7 
2 
2 
2 
2 
4 
4 
6 
3 
3 
2 
5 
6 
3 
3 
6 
6 


O 


2 
2 
2 
6© 
6 
2 
2 


Reduction a 
to Vacuum| .= 3 
23 Wavye- 
1 so. length 
ae a) Ors 
1:44 | 61} 205688 || 4872-93 
20567°9 || 4873-11 
20567°5 || 4873-35 
20565°3 || 4873°50* 
20564°4 || 4873:72 
205641 || 4873°90 
20561°9 || 4874-08 
20561-0 || 4874-20 
20560°5 || 4874-41 
20558°3 || 4874-54 
20557°5 || 4874-63 
20557:0 || 4874-93 
205546 || 4875-11 
20553°9 || 4875:27 
20553'4 || 4875-46 
20551:0 || 4875°58 
20550:1|| 4875:71 
20549°8 || 4875-80 
20547:1 | 4876:05 
20546°3 || 4876°25 
20546:0 | 4876-39 
20543°3 || 4876°56 
20542-4 || 4876°64 
20541°3 || 4876-84 
20540°7 || 4876:96 
20540°2 || 4877:26 
20539°3 || 4877-45 
20538°4 || 4877-64 
20537-1 || 4877-75 
20536°1 || 4877-98 
20536°0 || 4878-20 
20534°4 || 4878°54 
20533°6 || 4878-79 
205330 || 4878-90 
20532°5 || 4879°15 
20531°7 || 4879°35 
20530°9 || 4879-54 
20530°4 || 4879-91 
205301 || 4880-07 
20529'1 || 4880°32 
20528°5 || 4880°56 
205275 || 4880-72 
20526:7 || 4880-90 
20525°8 || 4881710 
20524°5 || 4881-25 
20523°9 || 4881-51 
20522°6 || 4881:96 
20521°5 || 4882-24 
20521:0 || 4882-43 
205204 |) 4882-71 
20519°3 || 4882-96 
20518-1 || 4883-45 
205174 || 4883-60 
20516°8 || 4883-70 
205161 || 4883-98 


Intensity 
and 
Character 


Reduction 


to Vacuum 


1 
Xr 


> 
+ 
\ 


Oscillation 
Frequency 


WRN WwW ARAWWRATINWWIAANWWNHERERONWNWWEE OW WWNagww 


5 
1 
6 
3n 


8 
8 
5 
3bn 


6 
5 
5 
4 


44) 6-1 
45 


205154 
20514-7 
20513°7 
20513-0 
2051271 
20511°3 
20510°8 
2051071 
20509°2 
20508'7 
20508°3 
20507-0 
20506'3 
20505°6 
20504°8 
20504:3 
20503°7 
20503°3 
20502°3 
20501°5 
20501°5 
20500°1 
20499°8 
20499-0 
20498°5 
20497°2 
20496°4 
20495°6 
20495:2 
20494:2 
20493°3 
20491°8 
20490°6 
204901 
20489°3. 
20488°4 
20487°6 
20486°1 
20485°4 
20484°4 
20483°3 
20482°7 
20481°9 
20481'1 
20480°5 
20479°4 
20477°5 
204763 
20475-5 
20474:3 
20473°3 
20471°2 
20470°6 
20470°2 
204630 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Wave- 
length 


4884-25 


4884-48 
4884-66 
4884:84 
4884-96 
4885-03 
4885:26 
4885°87 
4886-08 
4886-22 
4886:51 
4886'73 
4886-95 
4887-1] 
4887°31 
4887-52 
4887°79 
4887°85 
4888-41 
4888:57 
4888-85 
488911 
4889°32 
4889-47 
4889-68 
4889-85 
4890*14 
4890°44 
4891-00 
4891°18 
4891-30] 
4891-53 f 
4891°77 
4892:32 
4892'50 
4892:87 
4893-14 
4893-32 
4893-64 
4893-83 
4894-10 
4894-29 
4894-56 
4895-00 
4895-20 
4895-65 
4895-93 
4896-08 
4896-24 
4896-37 
4896-58 
4897-07 
4897-27 
4897°36 
4897'75 


H= Oro Go 
nn 


DOWD PPWH HOD Derby Ww 


COR WOOO NW WRN WR WR OTR ROHR OH HR OL OTm Re OTOL 


Intensity 
and 
Character 


© 


© 


Reduction 
to Vacuum 


a 


Oscillation 
Frequency 


1:45 | 61) 20467-9 


204669 
204661 
20465:4 
204649 
204646 
20463°6 
204611 
20460:2 
20459°6 
20458°4 
20457°5 
20456°6 
204559 
204550 
20454°2 
20453-1 
204528 
20450°4 
20449°8 
20448°6 
20447°5 
20446°6 
204460 
20445:1 
20444-4 
204432 
204420 
20439°6 
20438-9 


20438 °4 | J 


20437°4 
20436°4 
204341 
20433°3 
20431°8 
20430°7 
20429:9 
204286 
20427°8 
20426°7 
20425:9 
61) 204247 
6:0 | 20423:0 
20422-2 
20420'3 
20419°1 
204185 
20417-8 
2041773 
20416°4 
20414-4 
20413°5 
20413°2 
20411°5 


Wave- 
length 


4897-95 


489817 
4898-52 
489879 
4899-16 
4899°37 
4899-94 
4900: 24 
4900°34 
4900'59 
4900°79 
4901-32 
4901:45 
4901°74 
4902-03 
4902-25 
4902-40 
4902°53 
4902°76 
4903-03 
4903 24 
4903°54 
4903°72 
4904-49 
490467 
4904:84 
4905-04 
4905-22 
4905'81 
4906-07 
4906°31 
4906°52 
4906-71 
4906°95 . 
4907°15 
4907-55* 
4907-89 
4908-03 
490821 
4908'67 
4909-18 
4909°34 
4909°55 
4909-80 
4909-93 
4910-55 
4910°72 
4911-11 
4911°36 
4911°82 
4912-00 
4912-41 
4912-74 
4912-94 
4913-06 


Intensity to Vacuum 


and 
Character 


Reduction 


A+ | =- 


Oscillation 
Frequency 


WH WARWANARANWAANWNHWWFH PWR Wood ote oO Wooo 


wwwar- bdo 
n 
Boo 


20407°2 
20405°7 
20404°8 
20402°4 
20401-2 
20400°7 
20399°7 
20398-9 
203967 
20396-1 
20394-9 
20393°7 
20392°8 
20392-2 
20391°6 
20390-7 
20389-5 
20388-7 
20387-4 
20386°7 
203835 
20382°7 
20382-0 
20381-2 
20380°4 
20378-0 
283769 
20375:9 
20375°0 
203742 
20373°3 
20372-4 
20370°8 
203694 
20368-8 
20368-0 
203661 
20364-0 
20363°3 
20362°5 
20361-4 
20360°9 
20358°3 
20357-6 
20356:0 
20355-0 
20353-0 
20352°3 
20350°6 
20349-2 
203484 
20347°9 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continucd. 
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Reduction Bb 

: rs) 

Wave- Intensity to Vacuum = 5 

length Character 1 5S 

At |x| OF 
4913°24 3 1:46} 6:0| 20347°2 
4913°45 3 20346:3 
4913°76 3 20345°0 
4914-09 | 3 20343°6 
4914-35 6 20342°6 
4914-55 5 20341°7 
4914-79 2 20340°7 
4915-08 2 20339°5 
4915°93 4 20336°0 
491614 4 20335°2 
4916-44 2 20333°9 
4916°65 2 20333:'0 
4916°94 | 3 20331°8 
4917-15 3 20331:0 
4917°39 | 2 20330°0 
4917°58 4 20329°2 
4917°81 5 20328°2 
4918-28 2 20326°3 
491847 | 3 20325°5 
4918°83 | 2 20324:0 
4919°25 5 20322°3 

491947 5 20321°4 | 
4919-62 3 20320°8 | 

4919°83 3 20319°9 
4920-23 2 20318°2 
4920°58 | 2 20316°8 
4920°92 5 20315°4 
4921:15 6 203144 
4921-62 3 20312°5 
4921-98 2 20311-0 
4922°37 33 20309°4 
4922°61 6 20308°4 
4922-86 4 20307°4 
4923°41 2 20305°1 
4923°74 3 20303°8 
4923°98 3 20302°8 
492433 | 4 20301°3 
4924°57 4 20300°3 
4924-71 33 20299°8 
4924°84 3 20299°2 
492515 3 20297:9 
4925°39 3 20297:0 
4925°67 2 20295'8 
492607 | 4 20294:2 
4926°31 4 20293:2 
4926°47 2 20292°5 
4926:59 | 2 20292°0 
4926°83 3 20291:0 
4927°46 2 20288°4 
492781 4 20287:0 
4928:°05 5 20286:0 
4928°30 4 20285°0 
4929-26 2 20282°0 
4929°57 5 20280°7 
4929°83 5 20279-7 


Wave- 
length 


4930:18 


4930°44 
4931:03 
493127 
4931°41 
4931°63 
4932-02 
493237 
4932°56 
4932°79 
4933'18 
4933°44 
4933°89 
493407 
493502 
493528 
4935°42 
4935°57 
4935°80 
4936:23 
4936°48 
4936-85 
4937°10 
4937-34 
4937-72 
4938°71 
493897 
4939°26 
4939'62 
4940°31 
4940°58 
4940°85 
4941°18 
4941-61 
4941-93 
494217 
4942-48 
4942°76 
4943718 
4943°53 
4943°79 
4944-43 
4944-69 
4945°16 
4945°47 
4946°33 
4946°64 
4946:83 
4947:08 
4947°55 
4948°34 
4948-56 
4948-80 
4949°19 
4949°60 


Intensity 
and 
Character 


Reduction 
to Vacuum 


A+ 


a 
A 


Oscillation 
Frequency 


NNFP ENN PEW wWN WP RD DD bd 


5 


WWW EWEN RP RWW PN WNP EWWWwWwPePwnnoanwworn bdo > 


1-46 


20277°2 
202762 
20273°7 
20272°7 
20272'2 
20271°3 
20269°7 
20268:2 
20267°5 
20266°5 
20264:9 
20263'8 
20262°0 
20261-2 
20257°3 
20256°3 
20255'7 
20255°1 
20254'1 
20252°4 
20251°3 
20249°8 
20248°8 
20247°8 
20246°3 
202422 
20241°1 
20239°9 
20238°5 
20235°6 
20234°5 
20233°4 
20232°1L 
20230°3 
20229:0 
20228:0 
20226:8 
20225°6 
20223°9 
20222'5 
20221°4 
20218'8 
20217°7 
20215°8 
20214°5 
202110 
20209°7 
20209°9 
20207°9 
20206:0 
20202°8 
20201°9 
20200:9 
20199°3 
20197°7 


OOOO EEE 
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Wave- 
length 


4950°32 


4950°56 
4951-24 
4951-63 
4951-94 
4952'29 
4952°59 
4953-71 
4953-94 
4954-33 
4954-64 
4955-42 
4955:77 
4956°39 
4956-67 
4957-24 
4958-47 
4958-77 
4959-03 
4959°37 
4959-72 
4960°55 
4960-86 
4961-23 
4961-55 
4961-86 
4962-32 
4962-69 
4963-00 
4963'38 
4964-11 
4964-57 
4964-81 
4965-13 
4966-48 
4966-80 
4966-97 
4967:27 
4968-32 
4968-73 
4969-17 
4969-49 
4970-30 
4970°62 
4971-20 
4971/38 


4971-71 
meer 
4972:57 
4973:58 
4973-92 
4974:24 
4974:58 
4975°82 
497613 


ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Intensity 
and 
Character 


PPHDY PF EPNDYWWNNNWWHNDWWWHWWNHNNUOTNNYH NP RPNYNNH EEN RED PPD wR Pw woe 


Reduction 
to Vacuum 


1°47 


1:47 


A 
r 


6:0 


Oscillation 
Frequency 


201947 


20193°7 
20191°0 
20189°4 
201881 
20186°7 
20185°4 
20180°9 
20179°9 
20178°4 
201771 
201739 
20172°5 
201700 
20168°8 
20166°5 
20161°5 
201603 
20159°2 
201578 
20156°4 
20153°1 
20151°8 
20150°3 
20149°0 
20147:7 
20145°9 
201444 
201431 
20141°6 
20138°6 
201367 
20135°8 
20134°5 
20129-0 
20127-7 
20127:0 
20125'8 
20121°5 
20119°9 
20118°1 
20116°8 
20113°5 
20112°3 
201100 
20109°2 
20107°9 
20105:8 
20104°4 
20100'3 
20098-9 
20097°7 
20096°3 
20091°3 
20090:0 


Reduction 


- ab 
Wave. Intensity to Vacuum a g 
an Sa 

Jemeth Character * 1 3 S 

ihe || Ors 
4978°03 aa 1:48} 5:°9| 20082-4 
4978:38 4 20081:0 
4980°:09 | 2 20074:1 
4980°30 | 3 20073°2 
4980°47 2 20072°5 
4980°66 | 3 20071°8 
4982-17 2 20065°7 
498253 | 3 20064:2 
4982:89 | 3 20062'8 
498416 | 2 20057°7 
498454 | 2 20056:1 
498486 | 3 20054:8 
498519 | 3 20053°5 
4986:22 | 2 20049°4 
498655 | 2 20048-0 
498718 | 3 20045°5 
498755 | 3 20044:0 
498830 | 2 20041:0 
498867 | 2 20039°5 
498962 | 3 20035°7 
4989:90 |-3 20034-6 
4990°35 | 2 20032°8 
4990°75 | 2 20031:2 
4991°90 | 3 20026°5 
4992:27 | 3 20025:1 
499250 | 2 200241 
4992'85 | 2 20022°7 
4994-15 | 3 20017°5 
499462 | 3 20015°6 
4996°68 | 3 20007-4 
499707 | 3 20005°8 
4999712 2 19997°6 
4999-45 | 2 19996°3 
500117 | 2 19989°4 
500157 | 3 19987°8 
5001°94 3 19986°3 
5003°34 | 2 19980°7 
5003°77 | 2 19979:0 
500406 | 3 19977°9 
5004-41 3 19976°5 
5005°56 2 19971-9 
5006:00 | 2 1997071 
5006754 | 3 199680 
5006°91 3 19966°5 
5007'87 | 2 | 19962:7 
5008-27 | 2 | 19961°1 
5009-06 | 3 19957°9 
5009°43 3 19956°4 
5010:10 | 2 199538 
5010-49 | 2 19952-2 
501159 | 3 19947'8 
5011°94 3 19946-4 
5012°38 | 2 19944:7 
5012°80 | 2 1:49 | 5-9) 19943-0 
501412 | 2 19937°8 
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ALUMINIUM OXIDE (ARC SPECTRUM) —continued. 


Reduction ah | Reduction Eb 
Wave- ay, bo ingame = 5 Wave- pit a jeter = A 
an oe = 

length | Gharacter 1 3s Jength | Character 1 BS 

eels | UOm | oR 
501450 | 2 1:48] 5:9) 19936°3)| 5085:°38 | 2 151} 5:8} 196584 
501467 | 2 19935°6 || 5085°56 | 2 19657°7 
501512 | 2 19933°8 || 5085-83 | 2 19656°7 
501673 | 2 19927°4|| 508601 | 2 19656°0 
5017-00 | 2 19926°3 || 5086°31 | 2 196548 
5017:08 | 2 19926°0 || 5086-47 | 2 196542 
5017°45 | 2 19924°5 || 5086°78 | 2 19653°0 
501929 | 2 19917-2|| 5086°97 | 2 19652°3 
501941 | 2 19916°8 |} 5087:29 | 2 19651-0 
5019°67 | 2 19915-7 || 5087-46 | 2 19650-4 
5019°79 | 2 19915:2}| 508781 | 2 19649-0 
5021-94 3 19906°7 || 508798 | 2 19648°4 
502234 199051 || 508833 | 2 19647-0 
5024°54 | 3 198964 || 508853 | 2 19646°2 
5024-96 f | ° 198848 || 5088°88 | 2 196449 
5027-21) ] 5 19885°8 |} 508908 | 2 196441 
5027°62 f | ~ 19884-2 || 5089°27 | 2 19643°4 
5029°86 | , 19875°4 || 5089°45 | 2 19642°7 
5030°32 f | ~ 19873°5 || 5089°63 | 2 196420 
5032°55 | 5 19864°7 || 5089-81 | 2 19641°3 
5033-05 f | ~ 19862-7 || 5090-01 | 2 19640°5 
5035°30 || , 19863°9 |} 509024 | 2 19639°6 
5035-76 J | ~ 1986271|| 5090-43 | 2 19638°9 
5038-07 \ 3 19843°0 ||} 509063 | 2 19638°1 
5038°50 f 19841°3 || 5090°84 | 2 19637°3 
5040°88 3 19831°9|| 509101 | 2 19636°7 
5041-26 19830°4/| 5091°22 | 2 19635°9 
5091°47 | 2 19634°9 
eel 509164 | 2 19634-2 
Group A | 5079-52)10 5091:89 | 3 19633°3 
507952 | 8 1:50} 5°8| 19681-1|| 5092:09 | 3 196325 
5079°95 | 2 19679-4|| 6092:25 | 3 19631°9 
5080711 | 2 1:50 196788 || 5092°52 | 3 19630°8 
5080-20 | 2 151 19678-5 || 5092°76 | 3 19629-9 
5080-44 | 2 19677-5 || 5092°92 | 3 19629°3 
5080°65 | 2 19676°7 || 5093:20 | 3 196282 
5080°84 | 2 19676-0 || 5093-43 | 3 19627°3 
5081:05 | 2 19675°2|| 509358 | 3 19626°8 
5682711 19671-1/}| 5093°90 | 3 19625°5 
508223 19670°6 || 509412 | 3 196247 
5082°41 19669-9 || 509425 | 3 196242 
5082°54 19669°4|| 509459 | 3 19622:9 
5082-771 | 2 19668°7 || 509482 | 3 196220 
5082°87 | 2 1966871 || 5094:94 | 3 19621°5 
508306 | 2 19667°4|| 5095:°29 | 2 19620°2 
5083'21 | 2 19666°8 || 509554 | 4 19619°2 
5083-40 | 2 19666:1/|| 509566 | 3 19618°7 
5083°75 | 2 19664:7 || 5096:02 | 2 19617°3 
508391 | 2 196641}| 5096°30 | 4 19616°3 
5084714 | 2 19663-2|| 5096-41 | 2 196158 
508430 | 2 19662°6 || 5096-79 | 2 1961 4-4 
508454 | 2 19661-7 || 5097:05 | 4© 19615°4 
5084°70 | 2 19661°0|} 509716 | 2© 19613°0 
508493 | 2 19660:1 || 5097°58 | 3 19611°3 
5085-11 | 2 19659-4 || 5097°84 | 5 19610'3 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Bean ES | Reduction | ae 
eng tr ee ee || Wave Petar | US as 
Jengto Character 1 es length [Character| 1 | Se 

AF las), Ors Acie eral) ay 

509835 | 2 1:51 | 6:8] 19608-4|| 5111-27 | 2 1:51, 58) 19558°8 
5098-62 | 5 19607°5 || 5111°52 | 4 19557°8 
509915 | 2 196053 || 5111-69 | 2 19557°2 
5099°38 | 5 19604-4|| 5112-05 19555'8 
510000 | 2 196020|) 5112°17 ‘| 5 19555°4 
510025 | 5 196011 || 5112-28 J 195549 
5100:79 | 2 195990 || 511259 | 4 19553°8 
5101:07 | 5 19597°9|| 511281 | 2 19552°9 
5101-67 | 2 19595°6 || 5113-21 | 5 19551°4 
5101-92 | 4 195947 || 511337 | 5 19550°8 
510232 {12 19592:1|| 5113°79 | 3 19549:2 
510284 | 6 19591-:1|| 5114-00 | 2 19548°4 
5103-06 | 2 19590°3|| 5114-25 | 2 19547°4 
5103-23 | 2 19589°6 || 5114-42 | 5 | 19546°8 
5103-41 | 3 19588-9|| 5114-65 | 2 1°51 195459 
510361 | 4 195882 || 5115°02 | 4 1°52 19544°5 
5103-77 | 4 19587°6 || 5115-29 | 3 19543°4 
5104-03 | 2 195866 || 5116-50 | 2 19542°6 
5104-24 19585°8|| 511568 | 3 195419 
5104-36 19585°3|| 511591 | 2 19541°1 
5104-49 195848 || 511634 | 5 19539°4 
510464 | 3 195842 || 511660 | 5 19538°4 
5104-91 | 2 19583-2|| 5116-98 | 5 19537-0 
510505 | 2 19582°6 || 511726 | 2 19535°9 
510518 | 2 195821 || 5117-50 | 2 19535-0 
510535 | 3 19581:5|| 511769 | 5 19535°3 
510553 | 3 19580'8 || 5117:98 | 2 19533-2 
5105'80 | 2 19579 8|| 5118-11 | 2 19532°7 
510599 | 2 19579:0|| 511838 | 4 19531°6 
510618 | 2 195783 || 511862 | 4 19530°7 
5106-32 a} 19577°8|| 511879 | 2 1953071 
510650 | 4; 19577°1|| 5119°15 | 4b 19528-7 
510668 | 2) 19576:4|| 5119-42 | 2 19527°7 
510688 | 2 195758 || 5119°77 | 4 19526°3 
510708 | 2 195749|| 5119:90 | 5 19525°8 
5107:25 | 4 19574-2|| 512015 | 3 19524-9 
5107-44 | 4 19573°5 || 5120°51) | 4 19523°5 
510768 | 2 19572°6|| 5120°64 f 19523-0 
510785 | 3 19571:9|| 5120:90 | 4 19522-0 
510810 | 2 19570:9|| 5121:09 | 3 19521°3 
5108-22 a} 19570°5|| 512128 | 4 19520°6 
510832 | 2 19570°1|| 5121-41 | 4 19520:1 
| 5108-52 3} 19569°3|| 5121:69 | 3 19519-0 
| 5108-70 | 3 19568°6|| 512206 | 5 19517°6 
5108-97 | 2 19567°6|| 5122-21 | 5 19517-0 
510917 | 4 19566'8|| 5122-50 | 3 19515°9 
5109:32 | 2 19566°3|| 512286 | 4 19514°5 
5109-47 | 3 19565-7|| 5122-98 | 4 19514:1 
5109-64 | 2 195650|| 512326 | 3 19513°0 
510992 | 2 195640 || 5123-47)| g 19512°2 
511015 | 4 19563°1|| 6123-57 f 19511°8 
5110-28 | 2 19562°6|| 5123°79* | 6 19511:0 
511046 | 3 19561-9|| 512415 | 3 19509°6 
5110-95 | 2 19560-0|| 5124-44 | 4s 19508°5 
511115 | 4 19559°3'| 5124-64 | 5s 19507°8 
1892. 8 


258 


Wave- 
length 


5125-03 


5125°28 
5125-47 
5125°68 
5125°89 
5126°20 
512630 
5126°47 
5126°60 
5126-77 
5126°92 
5127-714 
5127°62* 
5127-91 - 
5128°17 
5128°34 
5128-54 
5128-71 
5128°83 
5128°95 
5129-15 
5129-46 
5129-71 
5129-95 
5130°17 
5130°43 
5130-69 
5130°89 
5131-12 
5131°38 
5131-61 
5131°82* 
5132-04 
5132-40 
5132-57 
5132-71 
5132-90 
5133°42* 
5133°57 
5133-73 
5133°99 
513427 
5134°53 
513467 
5134-91 
5135:13 
5135-49 
5135-74 
-5136:06 
5136:28 
5136°55 
5136°75 
5137:07 
5137°39 
5137-60 
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ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Reduction Bb Reduction 
Intensity to Vacuum 3 g Wave. |Intensity to Vacuum 
and r= ct length and 
Character| ,, | 1_| && Character} ,, | 1_ 
N OF r 
4s 1°52 | 5°8| 19506°3 || 5137-78 2 1°52 | 5°8 
3 19505°3 || 5138-00 2 
3 19504°6 || 5138°32 3 
3 19503°8 || 513867 | 4 
3 19503°0 || 5138-85 4 
3 19501°8 || 5139-06 3 
3 19501°4 || 5139-40 3 
2 19500°8 || 5139°74 4 
2 19500°3 |} 5139-92 3 
2 19499°7 || 5140-19 3 
3 19499°1 5140°46 4 
+ 19498°2 || 5140°83 5 
2 19496°4 || 5141-02 3 
3 19495°3 || 5141718 2 
3 19494°3 || 5141°60 5 
3 19493°7 || 5141°84 2 
2 19492°9 || 5142-12 2 
2 19492°3 || 5142-33 2 
2 19491°8 || 5142°53 2 
2 19491°4 || 5142-74 2 
3 19490°6 || 5143-08 6 
3 19489°4 || 5143-27 8 
3 19488°5 || 5143-48 3 
3 19487°6 || 5143-89 4 
3 19486°7 || 5144-20 4 
3 194857 || 5144°38 4 
+ 19484°8 || 5144-52 2 
4 19484:0 || 5144-77 4 
2 19483:1 ||} 5145:04* | 2 
3 19482°1]| 6145:26* | 2 
3 19481°3 || 5145-48 5 b 
3 19480°5 || 5145-74 j 
3 19479°6 || 5145°95* | 4 
3 19478°3 || 5146°25 6 
2 19477°6 || 5146-48 3 
2 194771 || 5146°73 4 
3 194764 || 5146°92 2 
4 19474°4 || 5147-10 2 
3 19473°8 || 5147°28 2 
3 19473°2 || 5147-45 1 b 
a 19472°2|| 5147-71 4f 
2 19471:2|| 5147-93 6 
4 19470°2|| 5148:07 2 
4 19469°6 || 5148-43 3 
3 19468°7 || 514882 5 1:52 
4 19467°9 || 5148-97 4 1°53 
4 19466°6 |} 5149-14 4 
4 19465°6 || 5149-26 4 
3 19464-4 || 5149-70 3 
2 19463°5 || 5150:12 3 
2 19462°5 ||} 5150-60 3 
3 19461°8 || 5150:77 2 
3 19460°5 || 6151°34 2 
3 19459°3 || 5151-55 4 
5 19458°5!| 5151:68 2 


Oscillation 
Frequency 


194579 


19457:0 
19455'8 
19454°5 
19453°8 
19453:0 
19451-7 
19450°4 
19349°7 
19448-7 
19447-7 
194463 
19445°6 
194440 
19443-4 
19442°5 
19441-4 
19440°6 
19439-9 
19439-1 
19437°8 
19437-1 
19436:3 
19434-7 
194336 
19432°9 
19432°4 
19431°4 
19430°4 
19429°6 
194287 
19427°7 
19427-0 
19425°8 
194250 
19424-0 
19423°3 
19422°6 
19421-9 
19421°3 
19420:3 
19419°5 
19419-0 
19417°6 
19416:1 
194156 
19414:9 
19414°5 
19412°8 
19411-2 
19409-4 
19408'8 
19406°6 
19405°8 
19405:3 


ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 259 


ALUMINIUM OXIDE (ARC SPECTRUM)—continued. 


Reduction abs Reduction} = > 

I -. |to Vacuum] .2 2 -, |toVacuum| .2 8 

Wave- ana 2s Wave- ae Ee 

“length Eu 1 fa St length au BS 

Character) ,, | 4_ é&& Character) », | 1_ ae 
: 5152°38* | 3 1:53 | 5°8| 19402°7|} 5165°97 | 4b 1:53 | 5:7) 19351-7 
} 5152°58 | 5 194019 |} 516626 | 3 19350°7 
515285 | 3 19400°9 || 5166°72 | 4 19348°9 
| 5153-04 | 4 194002 || 5166°89 | 2 19348°3 
} 5153°60 | 4br 19498-1 || 5167-10* | 2 19347'5 
5153°85 | 4 19397:2 || 516832 | 4 19342°9 
515399 | 2 19396°6 |} 5168-79 | 4 19341°2 
515411 | 2 19396:2 |} 516919 | 5 19339°7 
5154:30 | 3 19395°5 || 5169-49 | 2 19338°6 
515450 | 3 19394°7 || 5169°78 | 4 19337°5 
5154-80 | 2 19393°6 || 5170-22] 4 19335°8 
5155°16 a b 19392-2 || 5170:37 f 19335°3 
5155-42* | 6 19391:3 || 5170°67 | 5n 193341 
515598 | 4 19388:1|| 517093 | 2 19333°2 
5156-25 | 2 19388:1|} 5171:30 | 2 19331°8 
5156-45 6] 19387-4|| 517157 | 4 19330°8 
5156°77 b 19386:2 || 517209 | 2 19328°8 
5157:02* af 19385:2 || 5172:28 | 2 19327-1 
5157:25 | 4 19384:4 || 5173-05 2 19325-2 
6157-47 | 3 19383°5 || 5173°26 | 2 19324°7 
6157-71 | 3 19382°6 || 5173-41 | 2 19323-9 
5157:84 | 3 19382°2 || 517357 | 2 19323°3 
5157:99 | 3 19381°6 || 517371 | 2 193228 
5158-25 | 4b 19380°6 || 517403 | 4 19321°6 
515853 f 19379°6 || 517432 | 3 19320°5 
5158-71 | 2 5-8 | 19378°9|} 517463 | 3 19319°3 
5159:06 | 4 57 | 19377:7|| 5174:79 | 2 19318-7 
5159-32 | 4 1937€-7|| 5175-13 | 3 19317°5 
5159°53 | 2 193759 || 5175:27 | 4 19317:0 
515971 | 2 193752 || 5175°53 | 4b 19316:0 
5159:90 | 2 193745 || 5175°80 | 4 193150 
5160-07* | 2 193739 || 517594 | 2 19314°5 
5160°35 | 5b 19372°8 || 5176:29 | 4 19313-2 
5160-60 | 5 19371:9|| 5176:50 | 4b 19312°4 
516070 | 3 193715 || 517662 | 2 19311:9 
5161-00 193704 || 5176-80 | 2 19311:3 
5161/18 + | 4b 193697 || 5177-23 | 5b 19309°6 
5161-41 J 19368°8 || 5177-51 | 5b 19318°6 
| 5161-67° | 5 19367-°9|| 5177-78 | 5b 19317°6 
. 516180 | 5 193675 || 5178-06 | 3 19316°6 
1 516205 | 6 19366°4 || 517818 | 4 19316:1 
516277 | 5b 19363°7 || 5178-44* | 4 19315:1 
5163-19 | 2 19362°2|| 5179:04 | 5 193129 
5163°36 | 51 193615 || 5179-17 | 2 19312-4 
5163°56 f 19360'8 || 5179-40 | 5b 19311°6 
5163°66 | 2 19360°4!| 517972 | 5 193104 
516380 | 2 19359°9|| 5179-94 | 2 19309°5 
516394 | 2 19359:4|| 5180:24 | 4bn 19308-4 
5164:09 | 2 19358°8 || 5180°50 | 3 19297°6 
5164:33* | 3 19357°9 || 5180-97 | 4 19295°7 
5164-60* | 4 193569 || 5181-27 | 5 192946 
516488 | 4s 19355°8 || 518159 | 3 19293-4 
516507 | 3 19355°1 || 5181-71 | 3 19292'9 
5165°35 =| 2 193541 || 5181-99 | 3s 19291:9 
5165°67 | 3b 19352'9}} 5182-31 | 3 | 19290:7 
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ALUMINIUM OXIDE ‘ARC SPECTRUM)—continued. 


Reduction Ae | Reduction ah 
are Intensity to Vacuum Ba Wave. | Intensity to Vacuum gs a 
5 om =e ¥ and =e] pees 
Buem Character, ,, | 1_ BS ae Character ,, | 1 3 5 
xX Or Al, oe 
518251 | 3] 1:53 | 5-7| 19290°0|| 519632 | 3 1:54 | 5-7 | 192387 
518292 | 3b 192884 | 5196-74 | 3 19236'1 
518336 | 3h 1°53 19286°8|| 519714 | 2 19235°6 
518414 | 3 1:54 192839 || 519730 | 3 19235:1| 
518431 | 3 192833 | 5197°67* | 4b 19233°7 | 
518450 | 3 19282'6|| 6198-04 | 2 19232°3 
518465 | 3 19282°0|| 5198-49 | 2 19230°7 
5184-77 | 3 19281°6|| 519875 | 2 19229°7 
518503 | 3 19280°6 || 5198-96* | 2 19228:9 
5185-30 | 2 19279°6|| 5199:37 | 2 19227°4 
5185-54 it 192787 || 519977 | 3 19225'9 
518588 | 3 >b 19277-4|| 520014 | 3 19224°5 
5186-17 | J 19276-4|| 520031 | 3n 19223-9 
5186-46 | 3 19275°3 || 520055 | 2 19223:0 } 
518663 | 4 192746|| 5200°79 | 2 19222°1 
5186-99 | 4 19273°3| 5201-01. | 2 19221°3 | 
5187°38 | 5 19271-9|| 520115 | 2 19220°8 
5187-76 | 3 19270-4 || 6201-43 | 3n 19219°8 
5188-09 | 4 19269-2 | 5201°61* | n 19219-1 
5188-42 19268-0|| 520:°82 | 2 19218°3 
5189-07 | 3 19261°6 || 520212 | 2 19217-2 
5189-28 | 3 192648 || 5202°34 | 2 19216°4 
5189-47 | 3 192641 | 520280) | 2 19214-T7 
5189°81 | 3 19262°8 || 5202-91 f | ‘ 19214:3 
519001 | 2 19262°1|| 520320 | 2 19213-2 
5190-22 | 3 19261°3|| 5203-40 | 3 192125 
5190-43 | 3 19260°5 || 530361 | 3 19211-7} 
5190-773 | 5 19259-4|| 520379 | 2 19211°1} 
5191-101 | 4 192580 | 520392 | 2 19210°6 
5I91-21f 19257-6|| 520409 | 2 192100 
519161 \ b 19256°5 || 5204-22 | 2 19209°5 
5192:03 | 3 192546 || 5204-48 | 3 19208°5 
5192-40 | 5 19253-2|| 5205-19 | 3 192059 
519252 | 5@ 192528 || 5205-40 | 2 19205°1 
5192-79 | 5b 192518 | 5205-61 | 2 192043 
5193-08 | 4 192507 || 520655 | 3 19200°9 
5193-62 | 2 19248-7 |} 5206-75 | 3 192001 
5193-98* | 2 19247°3|| 520697 | 3 19199°3 
5194-16 | 3 192467 || 5207°62* | 3 19196-9 
5194-33 | 3 19246°1|| 5207:92 | 2 19195°8 
5194-56 | 3 19245°2|| 520809 | 2 19194-2 | 
5194-83 | 3 19244-2|| 520839 | 2 191941} 
5195-21 | 2n 192428 || 520883 | 3 191925 
519540 | 2 19242-1|| 5209-46 | 4bn 19190°1 
519562 | 2 19241°3|| 520998 | 3 19198-2 
5196-06 | 3 19239°6 || 5210-28 | 3 19197°1 
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Siath Report of the Committee, consisting of Professor W. A. 
TILDEN, Professor H. McLrop, Mr. S. U. PIcKERING, Professor 
W. Ramsay and S. Youne, and Dr. A. R. LEEDS, and Dr. W. W. 
J. Nicot (Secretary), appointed for the purpose of reporting 
on the Bibliography of Solution. 


Tue Committee report that considerable progress has been made during 
the past year. One new journal has been completely searched, and the 
others have been brought up to date. The work has so far advanced 
that the question of publication will soon have to be considered. The 
titles already collected now number over 1,200, including cross references, 
and are drawn from the leading scientific journals at home and abroad. 
It will perhaps be desirable to publish a first instalment, as the subject of 
Solution is now attracting so much attention that such a bibliography 
would be of great use. The Committee desire reappointment. 


Sizth Report of the Committee, consisting of Professor W. A. 
TILDEN, Professor W. Ramsay, and Dr. W. W. J. Nicou (Secre- 
tary), appointed for the purpose of investigating the Nature of 
Solution. (Drawn up by Dr. NIcOL.) 


I. The Atomic Volumes of Carbon and Hydrogen in Organic Substances 
when in Dilute Solution. 


In 1883 it was observed that the molecular volumes of the sodium 
salts of formic, acetic, and butyric acid showed in dilute solution an 
approximately constant difference, giving 143 as the volume of the 
group CH, (Nicol, ‘ Phil. Mag.,’ August, 1883, p. 131). 

This point appeared worthy of further examination, inasmuch as, if 
dissolved substances are under comparable conditions when the solution 
is sufficiently dilute, as seems most probable from a consideration of the 
physical properties of such dilute solutions, then the apparent molecular 
volumes in dilute solution could be compared in the same way as the 
molecular volumes at the boiling-pcint, and thus the atomic volumes 
of the various elements could be. determined with greater ease and 
certainty than at the boiling-point. 

A series of preliminary experiments with the commoner compound 
ethers have been completed, the results of which will shortly be published, 
and these are so encouraging that the Committee have decided to go fully 
into the subject, and as the preparation, purification, and analysis of a 
sufficiently large number of compounds for the purpose of this research 
is necessarily long and tedious, the Committee will be glad to receive the 
assistance of members of Section B. who have suitable compounds, the 
composition of which is guaranteed by analysis. Such substances must 
be soluble in water, alcohol, benzol, xylol, ether, or chloroform. The 
secretary will gratefully acknowledge the receipt of specimens (three to 
five grams) sent to him at Mason College, Birmingham. 
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II. Molecular Volume of fodine in Solution. 


It is well known that the colour of solutions of iodine varies with the 
nature of the solvent from dark brown in the case of aqueous solution of 
potassium iodide, through red in benzol to violet in the case of carbon 
disulphide. 

From the colour of the last-named solution it has generally been 
assumed that in it the iodine molecule is diatomic, as in the state of gas. 
Within the last few years several attempts have been made to ascertain 
what is the composition of the iodine molecule in various solvents, the 
method employed being that of Raoult, depending on the effect of the 
dissolved iodine on the vapour pressure of the solvent. 

The Committee have commenced the examination of this subject from 
the standpoint of the apparent molecular volume of iodine in various 
solvents, and considerable progress has been made with the work. 
Aqueous potassium iodide, alcohol, ether, chloroform, benzol, xylol, and 
carbon disulphide having been examined, it is intended to considerably 
extend this list of solvents, and the Committee hope that they will be in 
a position to report fully on this subject to the next meeting of the 
Association, as they intend also to fully examine the point by the method 
of vapour pressures. 

The Committee desire reappointment without grant. 


Report (provisisnal) of « Committee, consisting of Professor H. E. 
ARMSTRONG, Professor W. R. Dunstan, Mr. C. H. BoTHAMLey, 
and Mr. W. A. SHENSTONE (Secretary), appointed to investigate 
the formation of Haloids from pure materials. (Drawn wp by 
Mr. W. A. SHENSTONE. ) 


Durine the past year two papers have been read before the Chemical 
Boney. on subjects connected with the work undertaken by the Com- 
mittee. 

The results of further experiments with mercury and chlorine tend to 
confirm the opinion expressed in a previous report that the interaction 
of these two elements is greatly influenced by the presence of one or 
more other substances, and they show that water is almost certainly one 
of these active substances. 

Up to the present pure chlorine has not been obtained. But W. A. 
Shenstone and C. R. Beck have recently found that by igniting platinic 
chloride in excess of hydrochloric acid platinous chloride may be obtained 
in such a condition that the chlorine liberated from it by ignition in 
vacuo is considerably more free from impurities than the product of 
igniting platinous chloride prepared in the ordinary way, and they think 
it possible that by this method pure chlorine may perhaps ultimately be 
obtained. 

They have also found that liquefied chlorine, which usually contains a 


* Platinous Chloride as a Source of Chlorine, Jowrn. Chem. Soc., 1892, p. 445. 
The Adhesion of Mercury to Glass in the Presence of Halogens, Journ. Chem. Soc., 1892, 
p. 452. 
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“small proportion of hydrogen chloride, but is almost free from other 


impurities, can be purified to some extent by fractional evaporation. 

Messrs. Shenstone and Beck have been occupied with the purifi- 
cation of phosphoric oxide, and have succeeded in preparing several 
samples of that substance in a crystalline state, and free from the lower 
oxides, by a process of oxidation with subsequent fractional sublimation of 
the oxidised product. 

Some experiments have also been made with hydrogen chloride and 
oxygen, the results of which decidedly suggest that the interaction of 
these bodies in the dry state is dependent upon either the relative masses 
in which they are present or on the pressure at which they act. Mr. 
Shenstone proposes to repeat and to extend what has been done in this 
direction. 

The Committee desire to be reappointed, and ask that a grant of 201. 
may be made to them. 


Report (provisional) of a Committee, consisting of Professor H. 
McLeop, Professor W. Ramsay, Mr. W. A. SHENSTONE (Secretary), 
and Mr. J. TuDOR CUNDALL, appointed to investigate the Inflwence 
of the Silent Discharge of Electricity on Oxygen and other 
Gases. 


Tur Committee are glad to be able to report that the work undertaken is 
proceeding in a satisfactory manner. After a year of continuous work, 
in which they have had the assistance of Mr. Martin Priest, the funda- 
mental difficulties of the research have apparently been overcome, and 
several interesting observations have been made. 

As, however, only a small part of the work has yet been done, they 
desire to defer presenting a detailed report till the next meeting of the 
Association. 

The Committee, therefore, ask to be reappointed. 


Report (provisional) of the Committee, consisting of Professor 
T. E. Tuorre, Professor J. J. Hummer (Secretary), Dr. W. H. 
Perkin, Professor W. J. RussELy, Captain W. pe W. ABNey, 
and Professor W. Stroup, on the Action of Light wpon Dyed 
Colours. (Drawn up by Professor J. J. HUMMEL.) 


As mentioned in the last report, it was decided to compare first the 
fastness to light of the varions ved colouring matters. During the 
past year wool and silk patterns have been dyed with the technical 
products, and are now being exposed to light. The results, however, 
will not be ready till the next meeting of the Association, when both 
dyed and exposed patterns will be exhibited. 

The grant of 101. voted at the last Meeting has been more than 
expended in the erection of an additional exposing case, and in the 
purchase of a colorimeter, and also for books in which to mount the 
dyed and faded patterns, 
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The Committee desire to be reappointed, with the addition of 
Professor Meldola as a member, and request that a further sum of 51. 
be granted to cover a small sum still due to the Secretary. 


Report of the Comnvittee, consisting of Sir J. LowrHian BELL, Pro- 
fessor P. PHILLIPS BEpson (Secretary), Mr. Lupwic Monp, Pro- 
fessor Vivian B. Lewes, Professor E. Huui, Mr. J. W. THomas, 
and Mr. H. BAvERMAN, for inquiring into the Proximate Con- 
stituents of the various kinds of Coal. 


THE bibliography of the subject which is in course of preparation is not 
yet completed. Experimental work is still in progress. The Committee 
ask to be reappointed, and hope to present a report next year. 


Highteenth Report of the Committee, consisting of Professor HULL 
(Chairman), Rev. Dr. H. W. Crosskey, Sir D. Garon, Messrs. 
J. GLAISHER, PERCY KENDALL, Professor G. A. LEsBour, E. B. 
Marten, G. H. Morton, W. PENGELLY, J. Puant, Professor J. 
PRESTWICH, Messrs. I. Roperts, THos. 8. STOOKE, G. J. SYMONS, 
W. TopLey, TYLDEN-WrIGHT, E. WETHERED, W. WHITAKER, and 
De Rance (Secretary), appointed for the purpose of investi- 
gating the Circulation of Underground Waters in the Permeable 
Formations of England and Wales, and the Quantity and Cha- 
racter of the Waters supplied to various Towns and Districts 
from these Formations. (Drawn up by C.E. DE Rance, Reporter.) 


SINCE your reporter was appointed at the initiation of your Committee in 
1872 he has received most valuable assistance from past and present 
members of the Committee in preparing the annual report, both as 
regards original observations made by them, original data collected from 
others by them, and by general hints and suggestions received from 
them. As regards the first two heads, many valuable communications 
have been too important to absorb into the general report, and have been 
given in separate appendices under the individual member’s name. But: 
your reporter is compelled to point out that the arrangement by which a 
member of the Committee took personal charge of a portion of England 
and Wales, which he instituted with a considerable measure of success in 
18738, has year by year become less operative, and each succeeding annual 
report has contained less and less matter contributed by the Committee. 
The last communication received was in 1889, and is embodied in the 
fifteenth report. Since then your reporter has had no assistance from 
your Committee, and the sixteenth, seventeenth, and the present 
eighteenth reports have been wholly compiled from information col- 
lected by him and subsequently approved by the Committee at their 
annual meeting without alteration. 
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Jnder these circumstances your reporter has reluctantly come to the 
‘opinion that it is unadvisable to continue to issue reports under the high 
authority of a committee of enquiry of the British Association which are 
in reality the work of one person, for whose accuracy or otherwise the 
Committee (and indirectly the Association) are made responsible; 
reports which, however carefully prepared from trustworthy information 
from all parts of England and Wales, cannot possibly have the same 
value as when each local detail received can be checked by a local repre- 
sentative of the Committee, as was the case when your reporter first 
divided the country into districts, in each of which your Committee had 
an able representative. 

These results have been brought about by various causes : (1) Losses 
by death, including Mr. Binney, F.R.S., Professor Harkness, F'.R.S., 
Mr. Mylne, F.R.S., Mr. Molyneux, F.G.S. 

(2) Losses through illness, including Professor Prestwich, F.R.S., 
‘Dr. Crosskey, F.G.S., Mr. Plant, F.G.S., Mr. Pengelly, F.R.S. 

(3) Losses through change of residence and other causes, including 
Sir Frederick Bramwell, F.R.S., Mr. I. Roberts, F.R.S., Mr. Howell, 
¥.G.S., and other able observers. 

(4) Losses through members of the Committee contributing the in- 
formation they have collected to the local societies, where they happen 
to live, and where the matter is locally printed, and which, in the opinion 
of your reporter, is the chief cause of the present dearth of information 
communicated by them to your reporter; for probably at no time were 
our underground sources of water supply being more constantly tapped, 
and at no time were boring contractors more willing to give thoroughly 
intelligent accounts of the work carried out by them. 

Local publication has the advantage of giving the information quickly 
to the Jocal district, where it is of direct use for matters of detail, to 
those on the spot, but is nearly useless for general reference and study, 
as local transactions of this class are constantly found to be absent from 
public libraries, while their publication and concentration in the annual 
volume of the British Association have been of great value for nearly 
twenty years, and have largely given an incentive to the use of under- 
ground water by pointing out its purity on the one hand and the absence 
of law costs to obtain it on the other. Before finally closing the enquiry 
your reporter suggests and your Committee approve that it would be 
advisable to publish in a connected form the varied information given in 
the past eighteen reports. In many of them the information is given in 
more or less crude form, and the details of borings are given from year 
to year as they progressed in depth, and details of one set of works 
are carried on through several reports, and many of these are out of 
print. 

It is therefore suggested that the Committee be reappointed with the 
usual grant of 5/.; that the Secretary be requested to draw up a final 
report embodying the whole of the facts obtained classified in counties ; 
that it is advisable that the report in question should be issued and 
sold as a separate publication. It would be with peculiar fitness that 
your Committce should meet and present its final report, after its twenty 
years’ labours, at Nottingham, which rejoices in a magnificent supply of 
the purest water derived from underground sources. 

Valuable information has been received by your reporter since the 
last meeting from Dr. Parsons, of the Local Government Board; Messrs. 
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Mather and Platt, of Salford Iron Works ; Messrs. Timmins, of Runcorn; 
the Salt Union, the United Alkali Trust, and others; but in view of the 
course suggested to avoid repetition, it appears most desirable to defer 
publication until next year should the Committee be reappointed. 


Report of the Committee, consisting of Mr. J. W. Davis (Chair- 
man), Rey. E. Jones (Secretary), Drs. J. Evans and J. G. 
Garson, and Messrs. W. PenGeLty, R. H. Tippeman, and J. J. 
WILKINSON, appointed to conplete the investigation of the Cave 
at Elbolton, near Skipton, in order to ascertain whether Remains 
of Paleolithic Man occur in the Lower Cave Earth. (Drawn 
up by Rev. E. Jonzs.) 


Tue exploration of this interesting cave was continued from the month 
of September 1891 to January last. The work excavated and examined 
has been extensive and a much lower level reached, but no new features 
of any value have been obtained. The difficulty and expense of working 
increase with the depth. Large blocks of stone and a stalagmitic floor 
two to three feet in thickness were broken up by the aid of gunpowder. 
The fissure is now fifty-five feet in depth from what was the floor of the 
chamber when the cave was discovered. It has narrowed considerably, 
being now only four to six feet in thickness. 

At the west end of the fissure the material continues to be crowded 
with bones of Alpine hares and a few bones of bears and foxes, but the 
rest of the fissure is now barren, and is composed of soft adhesive clay 
resting on a layer of sand and gravel. This seems to indicate that we 
are near the bottom of the fissure and pothole, and that our work will 
be finished when this is reached. 

The age of these lower deposits has yet to be ascertained. No bones 
of man, or of the horse or dog, animals domesticated by Neolithic men, 
have been found in them, while the bones of bear, absent in the upper 
layer, are abundant in the lower. The red deer and boar are found in 
both layers, but the reindeer only in the clay layer. Angular pieces of 
limestone are imbedded in the clay, but no boulders or scratched stones 
have been found in it. 

The whole deposit is post-Glacial, but a great length of time must 
have intervened before Neolithic man dwelt in the cave and buried his 
dead there. The accumulation of forty feet of ossiferous material with a 
series of stalagmitic floors some three feet thick before the advent of the 
Neolith must represent a long period. No indications of Paleolithic man 
have been found. 

The ‘ finds’ require tabulating ; many bones are still undetermined, and 
various abnormal bones, both human and animal, should be noted. The 
Committee desire therefore to be reappointed to prepare a final report, 
but do not apply for a grant. 


aaa 
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Twentieth Report of the Committee, consisting of Professor J. 
Prestwicu, Dr. H. W. Crosskry, Professors W. Boyp DAWwKINs, 
T. McK. Hucues, and T. G. Bonney and Messrs. C. E. DE 
Rance, P. F. Kenpatt, W. PENGELLY, J. Piant, and R. H. 
TIDDEMAN, appointed for the purpose of recording the Position, 
Height above the Sea, Lithological Characters, Size, and Origin 
of the Erratic Blocks of England, Wales, and Ireland, reporting 
other matters of interest connected with the same, and taking 
measures for their preservation. (Drawn wp by Dr. CROSSKEY, 
Secretary.) 


Tue researches of this Committee have been carried on during the past 
year with the assistance of the Yorkshire Boulder Committee — the 
Glacialists’ Association (formerly the N.W. of England Boulder Com- 
mittee, and whose contributions are marked *)—and several independent 
observers. 

In previous reports the facts obtained by an exhaustive survey of the 
erratics of the Midland Counties have been classified, and a series of 
valuable results has thus been established. 

It has not as yet been possible to extend the same kind of treatment 
to other districts on account of the constant accumulation of new 
material, such as that of which the report of this year contains fresh 
instalments. 

The facts discovered are, however, rapidly showing that they are 
capable of orderly arrangement, and it cannot be doubted that the dis- 
tribution and grouping of the erratic blocks of Great Britain will throw 
light on some of the most intricate questions of Glacial Geology. 

The following reports have been received :— 


Tur YorRKSHIRE BouLDER COMMITTEE. 


Chairman: Professor L. C. Mratt, F.R.S., F.G.S., £.L.S., Yorkshire 
College, Leeds. 


The Yorkshire Boulder Committee have comparatively few erratic 
blocks to report this year, nearly all the known examples having been 
previously recorded. This being the case, they have been at liberty to 
make important advances in their methods of research and to devise new 
modes of operation. 

During the year their attention has been mainly given to maturing a 
scheme for the careful and exact exploration of special glacial districts 
not hitherto adequately investigated. They began with the valley of the 
River Calder, including its tributaries, from its source to its junction 
with the River Aire, near to Castleford. This valley has been subdivided 
into geographical areas, each of which is now placed under the supervision 
of asub-committee. The results of this exploration they hope to embody 
in their next annual report. They intend also to present a similar 
report on the Sedbergh, Garsdale, and Dentdale district, now being 
investigated after the same fashion. 

_ During the past year a sub-committee has been engaged upon the 
preparation of a new and enlarged glacial map of Yorkshire on a scale of 
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one inch to the mile. This map they hope to exhibit at the meeting of 
the British Association in 1893. 


The following erratic blocks have been recorded during the year. 


Reported by J. J. Marsuatt, Esq., Chemist, Market Weighton. 
On Mr. Brough’s Farm, Reformatory Road, Market Weighton : 


An isolated Jurassic sandstone boulder, 19 x 13x10 in.; angular, with 
rounded edges. No rocks like it near, only gravels and sands of a 
similar character: recently found when ploughing, now removed to 
near the farmhouse. 


Reported by Joun Srears, Esq., Hull. 


On England Farm, near Winstead, Holderness— 
A Mountain Limestone boulder, 4 ft. 3 in. x 2 ft. 3 in. x 1 ft. 7 in.; sub- 
angular; resting on a gravelly bed; under 50 ft. above sea level. 


Some years ago a larger boulder of the same colour, weighing several 
tons, was found in the same field and broken up for road metal. 


Reported by Joun H. Putiies, Esq., Hon. Sec. Scarborough Philosophical 
and Archeological Society. 


Group. 

In the gardens of King’s Cliff Hospital, Scarborough, fifty-eight 
boulders of all shapes and sizes, from 4 ft. 8 in. and 26 in. in circum- 
ference up to 11 ft. 8 in. by 9ft. 6 in. Striations nearly illegible. They 
include four basalts, two hard limestones, and fifty-two Shap granites 
from half a hundredweight up to two tons in weight. Collected by their 


former owner, John Wharton, Esq., from the coast and highways in the 
immediate neighbourhood. 


The estate has recently been sold, and is to be converted into winter 


gardens ; but it is hoped this fine group of erratics will be transferred to 
the Scarborough Museum. 


Reported by W. Greason, Esq., Baldersby, Thirsk. 
N. Yorkshire-—Northam Tower, Rokeby: altitude 450 feet— 
Basalt 20 in. in diameter, rounded ; resting on Carb. limestone. 
Egglestone Abbey, Startforth : altitude 500 feet— 
Shap granite, 24 x 15x15 in.; subangular; resting on Carb. limestone. 


Startforth, near Barnard Castle, on right bank of Tees— 


Shap granite, 50 x 36 x 30 in.; subangular; resting on Carb. limestone. 


a 48 x 30 x 27 in, Ss ” ” 
a diameter 12 in.; rounded “5 ” 
a 32 x 28 x 26 in.; subangular ” ” 


F 30 x 12 x 10 in. 
Grey granite 36x18 x12 in. 


” ” ” 


” » ” 


Pickhill, near Thirsk : altitude 100 feet— 


Basalt, 18x 15x14 in.; subangular; resting on drift overlying Keuper 
sandstone. 
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Sinderby, near Thirsk ; altitude about 90 feet — 


Carboniferous limestone, 30 x 20 x 18 in. ; subangular ; on Keuper sand- 
stone ; striz, N.E. and §.W., in the direction of its long axis. 


Reported by Tuos. Tare, F.G.S., Hon. Secretary to the Yorkshire Boulder 


Committee. 


Ribblesdale : altitude 350 feet.—Swanside Beck (right bank), east of 
Sawley Abbey— 


I. ‘ Brockram,’ somewhat bleached, 14x17x6 in.; rounded. May be 
from the Permian conglomerate of Black Burton (the Leck beds 
brockram), which is indistinguishable from that of the Vale of Eden. 


II. Black limestone breccia, richly veined with calcite and limonite, 
12x6x6in.; very angular. Parent rock unknown. 


Ingleton.—I. Dale Beck (right bank), above Phillips’ dyke: altitude 
470 feet— 


Helmsgill lamprophyre, 72 x 39 x 19 in. ; subangular, 


II. Dale Beck (right bank), near Mealbank limekilns: altitude 
400 feet— 


Helmsgill lamprophyre, 72 x 60 x 42 in. ; angular. 
Microscopic sections of these boulders are described and figured in 
* Proc. of Yorks. Geol. and Poly. Society,’ vol. xi. p. 311, plates xiv., xv. 
Dewsbury.—Gas works, Savile Town: altitude 125 feet— 
I. Ennerdale granophyre, 7 x 4 x 4 in.; well worn. 


II. Buttermere granophyre, 12 x 8 x 6 in.; rounded. 


Church Street (near County Court, in main drainage): altitude 
125 feet— 


Shap (?) granite, 16 x 7x5 in.; oval; very much worn. 


Horbury Bridge: altitude 100 fee-— 


Ennerdale granophyre, 7 x 5 x 5 in. ; rounded. 


Wakefield.—Thornes Lane, below suspension bridge: altitude 76 feet— 


Ennerdale granophyre, 6 x 4x3 in.; well rounded. 


All the above Calder Valley erratics, as well as those from Ribbles- 
dale, are now in the possession of the Yorkshire Boulder Committee. 

Teeside.—Shap granite, Armboth quartz, felsite, and Carrock Fell 
gabbro have been seen by the reporter in boring operations, ranging from 
30 ft. to 120 ft. in depth, at North Ormesby and South Bank, as well as 
north of the Tees estuary. 


LANCASHIRE. 


* Second List of Erratics recorded by Mr. 8. S. Piatt, of Rochdale. 


The first was given in the Report of the Committee last year, in 
which the following errata have to be corrected. 

No. 205 should be 217, and the locality should be ‘85 yards west of 
the Rochdale Town Hall.’ It is now placed in the park near the Esplanade, 
and within a few yards of the place where it was originally found. 
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No. 181. The description should read ‘red-brown grit, like that at 
Ending, N.W. of Rochdale.’ Group Nos. 196-205, for ‘ Hardy’ read 
‘ Hartley.’ 

Continuation of Group 196-204, 19th report— 


(205) 5 ft. 9 in. x 5 ft. 3 in.x4 ft. 3 in.; approximate weight 10 tons; sub- 
angular; top somewhat irregular, but on being turned over the under- 
side was found to be polished and flattened with rounded edges. It 
was imbedded in sand, which continued over a yard below it; but, 
on a careful examination of an irregularity on the underside of the 
boulder, clay was found imbedded therein, so that it appears to have 

_ been originally deposited in boulder clay, and that its present position 
is due to denuding agency. It has probably rolled from a neigh- 
bouring hill-top. (Immediately underneath it was a boulder of 
rhyolite about 6 in.x4in.,rounded.) The direction of the longest 
axis as it lay was 115° KE. of N. (W.N.W. by W. to E.S.E. by E.) 
height above O.D. about 550 ft. The upper surface of the boulder 
was level with the ground. A photograph was taken of it before dis- 
turbance, and afterwards of the underside, showing polished and 
flattened part; no distinct scratches were visible, having probably 
been obliterated by the weathering ; andesite with epidote, weathered, 
at least 3 in. deep. 


In Mr. Thos. Holt’s Brickyard at Castleton, near the Rochdale Canal, 
13 mile §.S.E. of centre of Rochdale. Above O.D. about 475 feet. 


(206) 1 ft. 3 in.x10 in.x7 in.; subangular; polished and rounded on top; 
porphyrite. 

(206A) 10 in.x 9 in. x 7 in.; rounded; Buttermere granophyre. 

(207) 10 in. x 9 in. x 8 in.; subangular; Buttermere granophyre. 

(208) 3 ft. 6 in. x 3 ft. x 1-9 in.; subangular to rounded ; weathered ; flattened 
on top side and striated lengthways; ? Creetown granite, or Galloway 
district. 

(209) 3 in. x 3 in. x 2in.; subangular; Galloway granite. 

(210) 8 in.x 5 in.x3in.; flattened one side and striated in every direction ; 
Canky flagrock. 

(211) 5 in. x 4 in. x3 in.; pink sandstone. 

(212) 1 ft. 3 in. x 9 in. x 7 in.; rounded; flat one side; porphyrite. 

(213) 4 in. x 23 in. x 2 in.; rhyolite, 


Back Lane, Castleton— 
(214) 2 ft.x 1 ft. 4 in.x 1 ft.; subangular, with flattened sides; andesite. 


Sparth Bottoms, Norman Road, Rochdale (continuation of group 
105-1273, 19th Report)— 


(218) 9 in.x 6 in.x 4 in.; subangular; flattened top and bottom; green and 
red porphyrite. 

(219) About 6 in. diameter; rounded; red porphyrite. 

(220) About 3 in. diameter ; rounded; Galloway granite. 

(222) 2 ft.x1 ft. 8 in. x 1 ft.; rectangular, direction taken before removal from 
boulder clay in which it was situated 8 ft, from top of clay, and about 
17 ft. below original surface; direction of largest axis, which also 
corresponded with striz on top, N.N.E. to 8.S.W. (20° W. of §.); 
ferruginous coloured flaggy sandstone containing plant remains. 


Two more similar, but smaller, at same horizon, striated on top ; direction 
N.W. to S.E. and N.N.W. to S.S.E. 
At Cross Road, St. Anne’s to Kirkham, crossing road between Lytham 
and Blackpool, near Hey’s Houses, about 2 miles N. of Lytham. 
(223) 1 ft. 9 in.x1 ft.x1 ft.; angular; striated and rounded on one side, 
apparently top; porphyrite. 
(224) °2 ft.x 1 ft. 9 in.x 1 ft.; subangular to round; andesite. 


in 
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(225) 2 ft.x 1 ft. 3 in. x1 ft.; subangular; granite (? locality). 

(226) 1 ft. 4 in. x 1 #. 2 in. x 1 ft. ; subangular with rounded corners; flattened 
one side, which is very much grooved and striated in direction parallel 
throughout to longest axis; another flat side not exactly in same 
plane, this is only smoothed ; Galloway granite. 

(227) 1 ft. 9 in. x1 ft. 4 in.x 7 in.; flat one side; remainder rounded to sub- 
angular; andesite. 

(228) 1 ft. 8 in.x1 ft. 3 in.x8 in; subangular; flattened two sides, and 
striated one side diagonally across longest axis; granite (? locality). 

(229) 1 ft. 8 in.x1 ft. 4 in.x1 ft.; subangular; near wheelwright’s shop; 
Galloway granite (cf. Dalry). 

(230) 1 ft. 6 in. x 1 ft. 2 in. x 1 ft.; subangular; no striation, but smoothed and 
rounded ; Buttermere granophyre. 


Heywood Road, Castleton, 450 ft. O.D.— 


(231) 1 ft. Gin. x1 ft. 3 in. x1 ft. 3 in.; subangular to round ; felstone. 

(277) 1 ft. 3 in.x 1 ft.x 7 in.; subangular; flattened and smoothed one side; 
Galloway granite (cf. Dalry). 4 

(278) 1 ft. 3 in.x1 ft.x 11 in.; angular; andesite. 


Near ‘ Moor Cock Inn,’ Swaindrod, Blackstone Edge Road. 690 ft. 
O.D. 4 miles N.E. by E. of centre of Rochdale. 


(232) 1 ft. 7 in. x1 ft. 4 in. x 1 ft. 4 in.; piece broken off ; subangularto round 
Gneissic granite; ?8.W. of Scotland. 


Hopwood Brickyard, near Heywood (continuation of group 58-81, 
19th report)— 


(233) 7 in. x 53 in. x 34 in.; subangular; black limestone with pecten (?) shell. 
(234) 3 in.x2in.; subangular; granite (cf. Cairnsmore of Fleet). 


Occupation Road from Yew Tree Farm to Hopwood Hall, 14 mile 
§.S.E. of centre of Heywood. 450 ft. O.D. 


(234A) 2 ft. 8in. x 2ft. 3in. x 2 ft.( +); rounded on N. side of Occupation Road, 
opposite entrance to farmyard (Shepherd’s) ; Buttermere granophyre. 

(235) Subangular ; rounded corners; flattened on top; weathered ; andesite. 

(236) 2, ft.x1 ft. 3 in.(+)x9 in.; oval-shaped; subangular; gateway to 
Kay’s Farm ; vole. breccia. , 

(237) 4 ft. 2 in. x 3 ft. 4 in. x 2 ft.; subangular; no marks of striation visible ; 
on south side of road, 80 yards W. of Oaken Bank Wood; granite 
(2 Criffel) with veins of quartz; rhyolite. 

(238) 2 ft. x 2 ft.x 1 ft. 5 in. (+); rounded to subangular; weathered smooth N. 
side of road opposite Stackyard ; andesite. 

(239) 4 ft. 2in.x1 ft. 6 in. x1 ft. 10 in.; flattened one side, which is striated 
lengthways; in plantation behind stables, Hopwood Hall; granite 
(? Galloway). 


(240) 2 ft. x 1 ft. 6 in. x1 ft. 3 in.; subangular; in road near stable, Hopwood 
Hall; granite. 


In field 50 yards S. of Moorside Farm, 14 mile due south of centre 
of Rochdale. About 525 ft. O.D.— 


(242) 10 in. x 6} in. x 5 in.; oval; much weathered ; Halleflinta, 

(243) 1 ft. 6 in. x1 ft. 2in.x9 in.; oval; weathered; striated on one side in 
parallel lines in direction of breadth (1 ft. 2 in.); Eskdale granite. 

(244) 1 ft. 3 in. x1 ft. x 10 in.; irregular; no striations; Gannister, with Stig- 
marian root-marks. 


In Cripplegate Lane, about 400 yards S. of last group— 


(245) 2 ft. 3 in.x 1 ft. 8 in. x 10 in. (+); broken; irregular; Eskdale granite, 
(246) About 10 in. diameter; volc. agglomerate. 
(247) 10 in. x 8 in. x 6 in. (+); quartzite. 
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At Bradshaw Edge Farm, } mile 8S. of Moorside=12 mile S. of 
centre of Rochdale. About 575 ft. O.D. 


(248) 1 ft. 3 in. x 8 in. x9 in. (+); irregular; andesite. 

(249) 6 in. x 4 in. x 4 in.; round; andesite with iron pyrites. 

(250) 9 in. x 8 in. x 5 in. ; oval; vole. breccia. 

(251) 1 ft. 3 in. x1 ft. lin. x9 in. (+); oval; granite (7). 

(252) 1 ft. 8 in. x1 ft. 4 in. x 1 ft.; oval; andesitic agglomerate. 
254) 8 in.x 7 in.x4in.; oval; Buttermere granophyre. 

(255) 1 ft.x1 ft. 1in.x1 ft. 1in.; rounded; Eskdale granite. 


All these found in fields and lanes near to, by present tenant, who has 
lived here 30 years. 

At Langden End Mill, 32 miles East by North of centre of Rochdale. 
About 720 ft. above O.D. Hxcavated out of boulder clay near brook— 
in forming settling tanks—and in brook adjoining— 


(257) 1 ft. og xe ht. e ae ftas Spee weathered ; ? Needle’s Eye, 
syenite, or var. of Buttermere granophyre. 
(260) 9 in. diameter; rounded } andesite. 
(261) 8 in. diameter ; rounded; Buttermere granophyre, 
(262) 3 ft. 6 in. x2 ft. 6 in. x 2 ft.; subangular; porphyritic andesite. 
Ba “ Ag : in, x 7 A nae x ; ee t ms eubene at cOre eae andere: 
. 8 in. x . 6 in. x .; Subangular; Buttermere granophyre. 
(265) 1 ft. 6 in. x 1 ft. 6 in. x1 ft. ; subangular : quartz felsite oe 
Be : i : in. x : a 5 in. x : ft. 4 - Ree perce Eye, ? Buttermere. 
5 .4in. x .2in.x8 in.; flattened; Needle’s Eye; ? Buttermere. 
(268) 1 ft, 2 in. x 103 in.+6 in.; oval; felsitic ash. 
(269) 7 in. x3 in. x 4 in.; Eskdale granite. 
(270) 1 ff. 9 in. x1 ft. 3 in. x 1 ft.; Needle’s Eye (2). 
(271) 2 ft.x1ft.x 1 ft.; andesite with large porphyritic crystals of epidote. 
(272) 9 in. x 6 in. x 4 in.; granite, Galloway. 
(273) Broken; Eskdale granite. 
(302) 1 B. 9 * x : ft. 6 in.x 1 ft. 4 in.; subangular; irregular; andesite with 
ornblende. 
(343) 1 ft. x 10 in. x 10 in.; angular to subangular ; porphyrite; L.D. 
(344) 1 a: 8 me 1 ft. 8 in. x1 ft. (+); subangular; Buttermere granophyre 
variety 
(345) 2 ft.x 1 ft. 8 in.x1 ft. 8 in.; subangular; quartz felsite with epidote. 
a 4 ste E a oe big tala ees ; Bek eel Avge Buttermere granophyre. 
: ; als g ; Eskdale. 
(348) 3 ft. x1 ft. 8 in.x1 ft. 8 in.; subangular; andesite, 
(349) 1 ft. x 9 in. x 8 in.; subangular; rhyolite. 
(850) 1 ft. 6 in. x1 ft. x8 in.; subangular; andesite. 
(351) 2 ft. x1 ft.x 1 ft.; subangular; quartz felsite with epidote. 
(852) 6 in. x ee x4in.; subangular to round; ? Needle’s Eye, or Buttermere 
variety. 
Sen 2 ie 2 in. x1 a 10 in. x 1 ft. 10 in. ; subangular; Buttermere granophyre. 
354) 1 ft. 5 in. x1 ft. 2in.x 1 ft.; subangular; same as 352. 
(3855) 1 1 oS xVoit. 3 in. x1 ft: 1 in. ; rectangular, with rounded edges; 
uttermere granophyre variety, 
(356) 1 ft.x 9 in. x 6 in.; subangular; Eskdale granite. 
(357) 3 . x Ree ay 1 ft. F in. (visible) ; angular to subangular; in brook 
abou yards east of bridge; granite (? Galloway district). 
(3038) 5 ft. x 4 ft. 6 in. x 2 ft. (visible) ; subangular; no marks visible ; weath- 
ered ; Buttermere granophyre; on Nicholas Pike, about ; mile S.E. of 
last group, 1,050 ft. O.D., position marked on Geol. Survey Map. 


——— 
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* Report on the Boulders on the Shore of the River Mersey, from Dingle Point 
to Hale Head. By Josern Lomas, A.2.CLS., Special Lecturer on 
Geology, University College, Liverpool. 


From Herculanean Dock to Dingle Point— 


(1) 35 in. x 28 in.x 18 in.; pear-shaped; andesite. 

(2) 31 in. x 21 in. x 15 in.; grit; silurian. { 

(3) 39 in. x 39 in. x 22 in.; rounded; polished; and grooved at top and sides; 
andesite. 


In first creek beyond Dingle Point— 


(4) 59 in. x 49 in. x 42 in.; rounded ; andesite. 

(5) 27 in. x 23 in. x 21 in.; rounded ; andesite. 

6) 33 in. x 27 in. x 13 in.; tabular; Criffel granite. 

€7) 31 in x 28 in. x 20 in.; rounded; Criffel granite. 

(8) 56 in. x 42 in. x 24 in.; pear-shaped ; well planed and striated, Scotch 
granite. 

(9) 23 in.x 17 in. x14 in.; rounded; Dalbeattie granite. 


Knott’s Hole— 


(10) 55 in. x 42 in. x 80 in ; well rounded; andesite, 

(11) 54 in. x 39 in. x 32 in.; well rounded; striated axially; felsite. 

(12) 42 in. x 26 in. x 18 in.; rounded; striated at top; andesite. 

(13) 23 in. x 18 in. x8 in.; well rounded ; andesite. 

(14) 39 in. x 39 in. x 24 in.; polished on lower surface; diorite. 

(15) 51 in. x 25 in. x 25in.; well rounded; polished; and striated axially; 
andesitic agglomerate. 


Between Knott’s Hole and Southwood Road— 


(16) 31 in. x 29 in. x17 in.; polished; Scotch granite. 

(17) 33 in. x 18 in. x13 in.; subangular; Scotch granite. 

(18) 31 in. x 24 in.x 12 in.; polished and striated axially, and also at right 
angles ; grit. 

(19) 54 in. x 28 in.x 14 in.; tabular; Dalbeattie. 

(20) 40 in. x 31 in. x 20 in. ; well rounded ; beautifully polished ; grit. 

(21) 18 in. x 15 in. x 10 in.; polished and striated ; andesite. 

(22) 25 in. x 22 in. x 16 in.; well rounded ; polished ; andesitic ash. 

(23) 16 in. x 12 in. x18 in. ; rounded ; striated axially ; silurian grit. 

(24) 37 in. x 27 in. x 20 in.; well rounded ; polished; ash. 

(25) 50 in. x 40 in. x 16 in.; planed and grooved axially; grit; tabular. 

(26) 46 in. x 22 in.x 22 in.; rounded and pear-shaped; blunt end fractured 
and not at all worn; polished on other faces ; Dalbeattie granite. 


From Southwood Road to Otterspool— 


(27) 21 in. x 20 in. x 13 in.; polished and striated axially ; andesite. 
€28) 16 in.x 12 in.x12in.; nodular; diorite. 
(29) 24 in. x 13 in. x 12 in. ; striated axially ; striz on upper and lower surfaces ; 
andesitic ash. 
(30) 23 in. x 12 in. x 17 in.; andesite. 
(31) 21 in. x 14 in. x 12 in. ;- andesite. 
(82) 23 in. x15 in. x 12 in.; well rounded ; striated axially; andesite. 
433) 24 in.x 16 in. x 13 in.} tabular; white sandstone. 
(84) 31 in. x 20 in. x 12 in.; well rounded ; striated obliquely to axis; andesite 
(35) 17 in. x 13 in. x 13 in. ; limestone. 
(386) 24 in.x 16 in. x13 in.; andesite. 
(87) 17 in. x 13 in. x 13 in.; subangular; silurian grit. 
(388) 18 in. x 17 in. x 16 in. ; rounded ; Yewdale breccia. 
(39) 18 in.x 13 in.x?; andesite. 
(40) 22 in. x 16 in. x9 in. (+); tabular; Dalbeattie granite. 
(Al) 20 in. x 12 in.x 12 in.; rounded; polished; andesite. 
(42) 27in. x 12 in. x 12 in.(+); rounded and polished; granite. 
1892, T 
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(43) 30 in. x16 in, x?; ash. 

(44) 24 in. x 15 in. x 10 in. (+); rounded; andesite. 

(45) 29 in. x 21 in. x12 in. (+); tabular; smooth ; Dalbeattie granite. 

(46) 29 in. x18 in. x10in. (+); tabular; smooth ; Criffel granite. 

(47) 24 in.x 11 in, x11 in. (+); andesite. 

(48) 25 in. x 21 in.x?; tabular; smooth; Yewdale breccia. 

(49) 26 in. x 18 in. x 12 in. (+); andesite, 

(50) 33 in. x 20 in. x 20 in. (+); rounded ; Criffel granite. 

(51) 56 in. x 36 in. x 22 in. (+); tabular; Yewdale breccia. 

(52) 31 in. x 31 in, + 20 in. (+); well polished ; Dalbeattie granite. 

(53) 29 in. x 14 in. x 16 in.; subangular ; silurian grit. 

(54) 19 in. x 17 in. x 11 in.; well rounded; polished; andesitic agglomerate. 

(55) 22 in.x 13 in. x6in.; angular; diorite. 

(56) 16 in. x 14 in. x 9 in.; striated axially ; andesite. 

(57) 23 in. x 14 in. x 10 in.; rounded ; andesitic agglomerate. 

(58) 23 in.x 18 in. x11 in.; rounded; polished; Dalbeattie granite. 

(59) 22 in. x 23 in. x 16 in.; rounded; ardesite. 

(60) 20 in.x 16 in. x 11 in.; andesite. 

(61) 27 in. x 17 in. x 13 in.; Criffel granite. 

(62) 32 in. x 22 in. x 10 in.; pear-shaped ; striated axially ; andesite. 

(63) 45 in. x 32 in.x?; pear-shaped ; subangular; andesite. 

(64) 59 in. x 36 in. x 36 in. ; striated axially ; diorite. 

(65) 96 in. x 50 in, x 16 in. (+); polished and grooved axially ; axis N. and S.; 
andesite. ; 


Embankment near Mersey Road— 


(66) 45 in. x 39 in. x 24 in.; limestone with silurian corals. 

(67) 36 in. x 27 in.x 12 in.; tabular; Eskdale granite. 

(68) 26 in. x 20 in. x11 in.; pear-shaped ; striated obliquely ; silurian grit. 
(69) 35 in. x 25 in. x 19 in.; well scratched ; basalt. 

(70) 34 in. x 36 in. x 31 in.; diorite. 

(71) 26 in. x 21 in. x 9 in. (+); andesite. 

(72) 27 in. x 21 in.x 12 in. (+); Dalbeattie granite. 

£73) 27 in. x 24 in.x 12 in. (+); Yewdale breccia. 

(74) 27 in. x 24 in.x 9 in. (+); diabase. 

(75) 28 in, x 22 in. x 9 in. (+); andesite 


From Embankment to Riversdale Road— 


(76) 31 in. x 24 in. x 16 in.; polished and deep wide grooves ; Yewdale breccia. 
(77) 27 in. x 24 in.x 14 in.; pear-shaped; granite, Criffel. 

(78) 41 in. x 33 in. x 22 in.; pear-shaped ; Dalbeattie. 

(79) 22 in. x 21 in.x 18 in.; polished beautifully, but no striz ; ash. 

(80) 40 in. x 31 in. x 11 in. (+); Criffel. 

(81) 41 in. x 32 in. x 16 in.; tabular; rounded; Scotch granite. 

(82) 44 in. x 34 in. x19 in.; tabular; striated axially ; granite, fine-grained 
(83) 32 in. x 21 in. x 23 in.; well rounded ; smooth; granite. 

(84) 26 in. x 20 in. x 16 in.; subangular; granite, Scotch. 

(85) 27 in. x 16 in. x 12 in.; diabase (?). 


Corner of Foundy Garston— 
(86) 40 in. x 32 in. x 18 in.; well rounded; granite. 


Shore at Garston, near Battery — 


(87) 38 in. x37 in.x17 in.; polished top; axially striated; strie N. and S. 
from N.; axis, N. and §.; andesite. 

(88) 29 in. x 22 in. x14 in.; pear-shaped, point §.; polished; axis, N. and S.; 
granite. 

(89) 24 in. x 15 in. x 9 in.; rounded; polished ; andesite. 

(90) 24 in. x 13 in.x 14 in.; fractured ; Dalbeattie. 

(91) 19 in. x 17 in. x 9 in.; rounded; Dalbeattie. 

(92) 47 in. x 42 in. x16 in. ; grooves N. and §.; axis, N. and S.; in sitw; Criffel. 

(93) 48 in. x 34 in. x 22 in. ; striated axially; polished ; axis, N. and S.; andesite, 

(94) 38 in, x 24 in. x 16 in. ; polished one side ; fractured ; Dalbeattie. 
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Group. 
Near targets— 
(95) 26 in. x 24 in. x 12 in; axis, N. and S.; granite, Scotch. 
(96) 39 in. x 37 in. x 25 in. ; strie from N.; axis, N. and 8.; granite, Scotch. 
(97) 29 in. x17 in. x17 in.; axis, N. and S§.; andesite. 


Close to target— 


(98) 30 in. x 28 in.x9 in.; polished and grooved from N.; axis, N. and S. 
striated pavement; Dalbeattie. 

(99) 23 in. x 20 in. x 12 in.; strive; axis, N. and §. ; striated pavement ; andesite. 

(100) 28 in. x 26 in. x 14 in.; scratched N. and S.; axis, E. and W.; striated 
pavement; limestone. 

(101) 28 in.x 17 in. x17 in.; scratched N. and §8.; axis, N. and S.; striated 
pavement; granite. 

(102) 34 in. x 28 in. x 12 in. ; tabular ; scratched E. and W. ; striated pavement. 


Beyond target— 
(103) 45 in. x 37 in. x 20 in. ; diabase. 


Oglet Point— 


(104) 27 in. x 12 in.x 14 in.; N. end thinner; axial and normal; axis, N. and 
S.; silurian grit. 

(105) 23 in. x 20 in. x 15 in.; rounded ; Criffel granite. 

(106) 23 in. x 21 in. x 12 in.; diorite. 

(107) 17 in. x 14 in. x 8 in.; Criffel granite. 

(108) 22 in. x 9 in. x10 in.; pear-shaped, blunt to N.; axial; polished ; ande- 
sitic agglomerate. 

(109) 20 in. x 16 in. x 10 in.; Dalbeattie. 

(110) 30 in. x17 in. x 24 in.; Scotch granite. 

(111) 48 in. x 32 in. x 21 in.; striated ; andesite. 


Crow’s Nest to Hale Head— 


(112) 21 in. x 18 in. x12 in.; axial; axis, N. and 8.; Dalbeattie granite. 

(113) 35 in. x28 in.x18 in.; pear-shaped blunt §.; polished beautifully ; 
axial; axis, N. and S.; andesite. 

(114) 34 in. x 24 in. x 18 in. ; rounded; axial; axis, N. and S.; andesite. 

(115) 29 in. x 21 in. x 20 in.; polished ; axial; axis, N. and S.; andesite. 

(116) 25 in. x 19 in. x 12 in.; subangular; axial; axis, N. and S.; andesite. 

(117) 28 in. x 20 in. x 18 in. ; rounded ; axial; axis, N. and S.; Scotch granite. 

(118) 23 in. x 22 in.x 18 in.; polished; axis, N. and S.; Scotch granite. 

(119) 26 in. x 21 in.x12in.; round; polished; axis, N.E. and 8.W.; Scotch 
granite. 

(120) 29 in. x 18 in. x 18 in. ; axial; axis, N.W. and S.E.; andesite. 

(121) 25 in. x 21 in. x 6 in.; rounded angles ; triangular ; axial; axis, N. andS.; 
Scotch granite. 

(122) 28 in. x 25 in. x 12 in.; axis, E. and W.; Scotch granite. 

(123) 28 in. x 18 in.x 18 in.; triangular; polished; axis, E. and W.; Scotch 
granite. 

(124) 22 in. x 18 in. x 18 in. ; strize transverse ; axis, N. and S.; Scotch granite. 

(125) 34 in. x 25 in. x 20 in.; axial; axis, N. and §.; andesite. 

(126) 64 in. x 46 in. x 36 in.; rounded; polished; Scotch granite. 

(127) 40 in. x 36 in. x 40 in.; polished ; axis, N.E. and 8.W.; Scotch granite. 

(128) 24 in. x 22 in. x 20 in.; transverse; axis, SS.W. and N.N.E.; andesite. 

(129) 22 in. x 22 in.x12in.; hexagonal; polished strie; axis, N. and §.; 
andesite. 

(130) 32 in. x 26 in. x 20 in.; axial: axis, N.W. and 8.E,; andesite. 

(131) Diam. 34 in. ; circular; polished; granite. 

(132) 38 in. x 31 in. x 24 in.; axis, E. and W.; granite. 

(133) 30 in. x 22 in. x 24 in.; axis, N.W. and 8.E.; granite, 

(134) 32 in. x 24 in.x 16 in.; axial; axis, N.W. and S.E.; andesite. 

(135), 28 in. x 20 in. x 20 in.; axial; axis, N.W. and S.K, ; andesite. 
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Opposite Hale Lighthouse— 
(136) 84 in. x 30 in. x 42 in.; andesite. 


Mr. Arthur R. Dwerryhouse catalogues the following boulders in 
order, beginning at the Hale Head and working round to the Decoy 
Marsh. 

Owing to the large number of boulders in so short a distance (about 
two miles), and the scarcity of fixed object by which to indicate their 
whereabouts, it has been impossible to give the exact position of each, so 
that they are merely catalogued in order, showing in the number column 
the position of any objects which may act as landmarks. 

The great bulk of the boulders are evidently not in situ, having rolled 
down from the clay cliffs, and are at present lying in the river sand. 

At a point about midway between the Head and the Rifle Butts there 
is little sand, and a number of boulders are seen in situ embedded in the 
surface of the clay, and these, together with a number of smaller ones 
(also in situ) not enumerated in the report, show great regularity as 
regards the direction of their axes and strie. : 

It will further be noticed that, as one moves round the shore, the 
strie become further and farther from the north and south line. 

This conforms to the observed direction of the striz on the rocks at 
Farnworth Church and Runcorn Gap, points still further up the river, at 
the last of which the direction is K. and W. 


* Report on the Boulders on the Shore between Hale Head and the Decoy 
Marsh, Hale, Lancashire. By Arvuur R. DwerryHouse. 


(1) 24 in. x 18 in. x2; rounded ; axis, 35° W. of N.; partly buried in clay, in 
situ; granite, Dalbeattie. 
(2) 18 in. x 12 in. x 12 in.; rounded; slightly striated; andesitic breccia with 
iron pyrites. 
(3) 14 in. x 12 in, x 6 in.; subangular; planed ; andesite. 
(4) 15 in. x12 in x7 in.; subangular; planed and striated ; andesite. 
(5) 24in.x22in.x15 in.; subangular; planed and striated; andesite, 
Borrowdale. 
(6) 42 in. x 39 in. x 24 in.; subangular; axis, 35° W. of N.; planed; granite 
Dalbeattie. 
(7) 24 in. x17 in. x 15 in.; subangular; weathered on surface; andesite. 
(8) 18 in.x 13 in. x 4in.; rounded; planed ; andesite. 
(9) 24 in, x 18in.x 14in.; subangular; striated axially; granophyre, Butter 
mere. 
(10) 22 inx 15 in. x 9 in.; subangular; planed; granite, Criffel. 
(11) 18 in. x 12 in. x 6 in.; subangular; striated axially ; diorite. 
(12) 24 in. x 21 in.x11 in ; subangular; planed and striated ; andesite. 
(13) 24 in. x 21 in. x17 in.; subangular ; slightly planed; andesite. 
(14) 16 in. x 10 in. x 5 in.; subangular; striated axially; silurian grit. 


Hedge— 


(15) 18 in. x 16 in. x 6 in.; pear shape; striated axially ; andesite. 

(46) 22 in.x13 in.x10 in.; angular; granite, much mica and some iron 
pyrites. 

(17) 25 in. x 20in. x13 in.; subangular; much broken, and having a spoon- 
shaped hollow on one side; striated axially ; silurian grit. 

(18) 19 in. x 16 in. x7 in.; subangular ; planed ; felsite (?) contains small pink 
felspars. 

(19) 31 in. x 26 in. x 24 in.; rounded; planed; andesite. 

(20) 32 in. x 26 in. x 22 in.; rounded; planed; andesitic agglomerate, 
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(21) 24 in. x16 in. x 10 in,; subangular; much weathered ; silurian grit. 

(22) 14in. x 12 in. x 9 in.; subangular; planed; andesite. 

(23) 36 in. x 24 in, x 24 in.; subangular; striated axially ; granite, Eskdale. 

(24) 28 in, x 24 in, x 18 in.; subangular; striated axially; granite, Eskdale. 

(25) 24 in. x13 in. x17 in.; angular; fractured; granophyre, Buttermere. 

(26) 21 in. x19 in. x10 in.; rounded; planed and striated; andesite. 

(27) 21 in. x 10 in. x 12 in. ; rounded; partly buried insand; granophyre, Butter- 
mere. 

(28) 25 in. x 20 in. x13 in.; subangular; granophyre, Buttermere. 

(29) 16 in. x 15 in. x14 in.; rounded; planed; felsite (?) 

(80) 22 in. x17 in. x 11 in.; rounded; planed; andesite. 

(31) 28 in. x 23 in. x 20 in.; subangular; planed; granite, Dalbeattie. 

(82) 24 in. x 22 in. x 22 in.; subangular; planed and striated; granite, Dal- 
beattie. 

(33) 22 in. x 18 in. x14 in.; subangular; slightly striated ; granophyre, Butter- 
mere. 

(84) 14 in. x 8 in. x 7 in.; subangular; slightly striated; triassic sandstone. 

(35) 24 in, x 24 in. x 12 in. ; subangular; striated; granite, Dalbeattie. 

(86) 42 in. x30 in. x21 in,; subangular; axis, 30° E. of N.; not in situ . 
andesite. 

(87) 26 in. x 20 in. x 12 in.; subangular; axis, 40° W. of N.; in situ; granite, 
Dalbeattie. 

(38) 30 in. x 22in. x 15 in.; angular; andesitic agglomerate. 

(89) 12 in. x 9 in. x 6 in.; subangular; axis, 35° W. of N.; striated axially, in 
situ; andesite. 

(40) 14 in. x 10 in. x 8 in.; subangular; axis, 35° W. of N.; in situ; granite, 
Eskdale. 

(41) 14in.x 9in.x5 in.; rounded; axis, 35° W. of N.; striated axially, in 
situ; granite, Scotch (? Dalry). 

(42) 18 in. x 18 in. x 16 in.; rounded; axis, 35° W. of N.; striated axially, in 
situ ; andesite. 

(48) 15 in. x 15 in.x 15 in.; angular; not planed ; diorite. 

(4) #4 in. x 18 in. x 12 in.; subangular; axis, 35° W.of N.; striated axially ; 
granite, Dalbeattie. 

(45) 30 in. x 21 in. x 3 in. (+); rounded; buried in river mud; granite, Criffel. 

(46) 27 in. x 22 in. x 14 in.; subangular; axis, 30° W. of N.; striated axially ; 
granite, Eskdale. 

(47) 15 in.x 12 in.x?; subangular; axis, 35° W. of N.; striated axially, in 
situ; andesite. 

(48) 21 in. x 20 in. x 12 in.; subangular; not striated ; granite, Dalbeattie. 

(49) 24 in. x18 in. x 12 in.; subangular; not striated; granite, Dalbeattie. 

(50) 12 in. x 12 in. x 6 in.; subangular ; axis, S. 35° W. of N.; striated ; andesite. 

(51) 86 in. x 30in. x 15 in.; subangular; axis, 35° W. of N.; striated axially ; 
granite, Scotch fine grain. 

(52) 30 in. x 27 in. x 18 in.; subangular; planed; andesite. 

(53) 27 in. x 24 in. x 21 in.; subangular; axis, 35° W. of N.; striated axially ; 
andesite. 

(54) 30 in. x 21 in. x 12in.; rounded; slightly striated; granite, Dalbeattie. 

(55) 18 in. x 10 in. x 10 in.; subangular; axis, 35° W. of N.; planed; granite, 


Criffel. 
Group. 
(56) 24 in. x 18 in.x 15 in.; rounded ; axis, §. 35° W. of N.; striated, in situ; 
andesite. 


(57) 18 in. x 15 in. x 12 in.; rounded; axis, §. 35° W. of N.; striated axially, iz 
situ ; andesite. 

(58) 39 in. x 18 in. x 12 in.; subangular; striated axially ; andesite. 

(59) 30 in. x 18 in.x 12 in.; subangular; axis, 40° W. of N.; planed, in situ; 
andesite. 

(60) 15 in. x 15 in. x 10 in.; rounded; axis, 40° W. of N.; planed, in Situ; 
andesite. 

(61) 24 in. x 20 in. x 12 in.; rounded; weathered ; granite, Criffel. 

(62) 18 in. x 18 in, x12 in.; rounded; striated; andesite. 


to 
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(63) 21 in. x 21 in.x12in.; subangular; axis, S. 40° W. of N.; striated, in 
situ; granite, Scotch fine grain. 

(64) 18 in.x 15 in.x 9 in.; subangular; axis, 40° W. of N.; striated axially ; 
andesite. 

(65) 30 in. x 18 in.x 15 in.; subangular; axis, 35° W. of N.; striated axially; 
andesite agglomerate. 

(66) 33 in. x 33 in. x 15 in.; subangular; striated; andesite. 

(67) 18in. x 10 in. x 6 in.; rounded; planed; andesite. 

(68) 27 in. x 12 in. x12 in.; subangular; axis, 35° W. of N.; striated axially; 
andesite. 

(69) 16 in.x12in.x8in.; rounded; axis, 30° W. of N.; striated axially; 
granite, Dalbeattie. 

(70) 27 in. x 21 in. x 10 in. ; subangular ; striated axially ; andesite. 

(71) 30 in. x 24 in. x 24 in.; subangular; granite, Dalbeattie. 

(72) 34 in. x 27 in.x 14 in.; angular; andesite. 


Group. 
Hedge— 


(73) 41 in, x 21 in. x 18 in.; rounded ; striated axially; andesite. 

(74) 16 in. x 15 in. x?; rounded; buried in sand ; granite, Criffel. 

(75) 19 in.x 15 in.x 5 in. (+); subangular; buriedin sand ; andesite. 

(76) 19 in. x 19 in. x Tin. (+); angular ; buried in sand ; andesite. 

(77) 15 in.x 15 in. x7 in. (+); rounded ; buried in sand; andesite. 

(78) 36 in. x19 in. x7 in. (+); rounded; buried in sand; granite, Criffel. 
(79) 24 in. x 15 in. x 15 in.; subangular ; planed ; granite, Criffel. 

(80) 17 in.x 11 in.x 15 in.; subangular; planed; andesitic agglomerate. 

(81) 17 in, x 14 in, x 11 in.; subangular; planed; andesite. , ; 
(82) 24 in. x 24 in. x6 in.(+); subangular; resting on clay; granite; Criffel. 
(83) 18 in. x12 in. x 6 in.(+); subangular ; striated ; granophyre, Buttermere. 
(84) 15 in.x 12 in. x6 in.; angular; andesite. 

(85) 24 in. x 22 in. x15 in. ; subangular ; planed ; andesite. 


Group. 


(86) 24 in. x 21 in. x 20 in.; subangular; axis, 60° W. of N.; planed ; andesite. 
(87) 23 in. x 18 in. x 10 in.; subangular ; axis, 8. 60° W. of N.; striated axially ; 


andesite. 

(88) 30 in.x 30 in.x18 in.; subangular; axis, 8. 60° W. of N.; striated ; 
andesite. 

(89) 24 in. x 16 in.x 12 in.; subangular; axis, 60° W. of N.; planed ; granite, 
Dalbeattie. 


Group. 
(90) 30 in. x 22 in. x 15 in.; subangular ; granite, Scotch (? Dalry). 
(91) 26 in. x14 in.x12in.; angular; fractured; andesite. 
(92) 31 in. x 20 in. x 18 in.; subangular; planed ; andesite. 
3 


(93) 24 in. x 24 in. x 14 in. ; rounded; axis, 8. 50° W. of N.; striated ; granite, 
Eskdale. 


(94) 17 in. x 16 in. x 8 in.; rounded; striated ; andesite. 
(95) 24 in. x 23 in. x 12 in.; rounded; planed; andesite. 
(96) 28 in. x 22 in.x 15 in.; subangular ; andesite. 

(97) 22 in. x 16 in. x 12 in.; subangular; silurian grit. 


(98) 18 in. x 14 in. x 8 in. ; subangular; axis, 8. 40° W. of N.; striated axially ; 
andesitic agglomerate. 


(99) 24 in. x19 in. x 9 in.; rounded; planed ; andesite. 
(100) 18 in. x 15 in. x 12 in.; rounded; planed ; andesitic agglomerate. 


Group. 


(101) 18 in. x 13 in. x 10 in.; subangular; fractured ; andesite. 
(102) 39 in. x 33 in. x 30 in. ; subangular; andesite. 
(103). 24 in. x 15 in. x 12 in.; rounded; andesitic agglomerate. 
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(104) 17 in. x 15 in. x 10 in.; rounded ; striated ; andesite. 

(105) 15 in. x 8 in.x 6 in.; subangular; striated axially ; granite, Dalbeattie. 

(106) 14 in. x14 in. x 9 in. ; rounded ; granite, Buttermere. 

(107) 30 in. x 24 in. x 12 in.; subangular; striated axially ; granite, Scotch fine 
grain. 

(108) 25 in.x 14 in. x 8 in.; subangular; granite, Scotch (? Dalry). 

(109) 25 in. x 19 in. x 12 in.; subangular; axis, 45° W. of N.; striated axially in 
situ; granite. 

(110) 20 in.x 13 in. x 12in.; angular; andesitic agglomerate. 

(111) 18 in. x 12 in.x 9 in.; angular; andesite. 

(112) 24 in. x 24 in. x 18 in.; rounded; striated in several directions, buried in 
mud; andesite. 

(113) 19 in. x 18 in. x 12 in.; subangular; almost buried in mud; andesite. 

(114) 32 in. x 27 in. x 15 in.; rounded; almost buried in mud; granite, Eskdale 

(115) 30 in. x 17 in. x10 in.; subangular; planed; andesite. 

(116) 24 in. x 22 in.x 12 in.; subangular; planed; granite, Eskdale. 

(117) 30 in. x 18 in. x 18 in.; subangular; planed ; andesite. 

(118) 32 in. x18 in.x12in.; subangular; granite, Eskdale. 

(119) 34 in, x 19 in. x12 in.; subangular; granite, Eskdale. 

(120) 17 in. x 13 in. x 12 in.; subangular; andesite. 

(121) 33 in. x 22 in. x 6 in. (+); pear shape; weathered; granite, Scotch. 

(122) 30 in. x 24 in.x12 in. (+); subangular; planed and striated; andesitic 
agglomerate. 

(123) 30 in. x 22 in. x 18 in.; pear shape; planed; andesitic agglomerate. 

(124) 32 in. x 24 in. x 12 in. (+); subangular; planed and striated ; andesite. 

(125) 21 in. x 14 in.x 10 in.; subangular; granite, Scotch. 

(126) 38 in. x 22 in.x 12 in. (+); subangular; planed and weathered ; granite, 
Scotch. 

(127) 28 in. x 20 in.x 15 in.; subangular; slightly planed; granite, Eskdale. 

(128) 40 in. x 30 in.x18 in.(+); subangular ; planed and striated ; andesitic 
agglomerate. 

(129) 27 in. x 24 in. x 9 in. (+); rounded ; planed and striated ; andesite. 

(130) 40 in. x 22 in.x 30 in.; angular; slightly planed on one surface; granite, 
Scotch. 

(131) 32 in. x 25 in. x 14 in.; subangular; planed and striated ; ? diorite. 

(132) 24 in. x 18 in.x 16 in.; rounded; fractured; granite, Eskdale. 

(133) 31 in. x 22 in. x 18 in.; subangular; not striated; andesite. 

(134) 20 in. x 18 in. x18 in.; rounded; planed; andesitic agglomerate. 

(135) 30 in. x 18 in. x 12 in. (+); subangular; planed slightly ; granite, Eskdale. 

(136) 24 in. x 15 in. x8 in.; angular; fractured ; andesitic agglomerate. 

(137) 20 in. x 15 in.x 11 in.; rounded; planed and striated ; andesitic agglome- 
rate. 

(138) 26 in.x16 in.x12 in.(+); angular; slightly planed on one surface ; 
granite, Criffel. 

(139) 36 in. x 24 in. x 12 in.; subangular; axis, 45° W. of N.; in situ, planed; 
granite, Eskdale. 

(140) 19 in. x 15 in. x16 in.; pear shape; planed; granite, Eskdale. 

(141) 19 in. x13 in.x12 in.; subangular; planed and striated; andesitic 
agglomerate. 

(142) 24 in. x 24 in.x 12 in. (+); rounded; planed and striated ; andesite. 

(143) 27 in.x 18 in.x 12 in.; subangular ; fractured ; granite, Eskdale. 

(144) 17 in. x 12 in. x 6 in.; subangular; planed and striated ; silurian grit. 

(145) 22 in.x 16 in.x9in.; subangular; planed and striated; andesitic agglo- 
merate. 

(146) 25 in. x 14 in. x 14 in.; angular ; slightly planed ; andesitic agglomerate. 

(147) 34 in. x 36 in. x 18 in.; subangular; planed; andesite. 

(148) 22 in.x 14 in.x10 in. ; angular; slightly planed and striated ; andesitic 
agglomerate. 

(149) 32 in. x 18 in. x12 in.; rounded; planed; andesite. 

(150) 25 in.x 18 in.x 12 in.; pear shape; planed; granite, Eskdale. 

(151) 21 in, x 14 in. x 10in.; rounded; planed and striated; sandstone. 

(152) 23 in. x 20 in. x 18 in.(+); subangular; planed; granite, Eskdale. 

(153) 23 in. x 20 in.x 9 in.; subangular; planed; granite, Scotch. 

(154) 24 in. x 22 in. x 10 in.; subangular; much planed and striated ; andesite. 
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(155) 20 in. x 12 in.x 6 in.; subangular; planed; sandstone. 

(156) 19 in. x 12 in. x 12 in.; angular; slightly planed; granite, Scotch. 

(157) 20 in.x19in.x10in.; subangular; planed and striated; andesitic 
agglomerate. 

(158) 18 in. x 13 in.x 10 in.(+); rounded; planed: granite, Scotch. 

(159) 80in. x 20in. x 12in. (+); angular; planed and slightly striated ; ? diabase.. 

(160) 25 in. x 22 in. x 12 in.; angular; slightly planed ; andesite. 

(161) 20 in. x 20 in.x Gin. (+);, subangular; planed and slightly striated ;: 
granite, Scotch. 

(162) 24 in. x14 in. x12 in. (+); subangular ; planed and striated; andesitic: 
agglomerate. 

(163) 19 in. x 18 in. x 6 in. (+); subangular ; planed and striated ; granite, Esk- 
dale. 

(164) 26 in. x 24 in.x 18 in.; rounded; planed; granite, Scotch. 

(165) 46 in. x 42 in. x 24 in.; subangular ; planed; granite, Scotch. 

(166) 14 in. x10 in. x 10 in. ; subangular ; planed and striated ; andesite. 

(167) 22 in. x 20 in. x 12 in. ; subangular; planed and striated ; andesitic agglo- 
merate. 


Hedge— 


(168) 19 in.x 17 in. x 6 in. (+); subangular; planed; granite, Eskdale. 

(169) 29 in. x 20 in.x 8 in. (+); subangular; planed; granite, Dalbeattie. 

(170) 24 in. x 16 in. x 6 in. (+); subangular; planed and striated ; andesite. 

(171) 32 in. x 28 in. x 18 in.(+); angular; planed slightly ; granite, Dalbeattie. 

(172) 42 in. x 36 in. x 28 in.(+); subangular; planed; granite, Dalbeattie. 

(173) 18 in. x 18 in. x 15 in.; angular; andesite. 

(174) 50 in. x 30 in. x 30 in.; angular; slightly planed; andesite. 

(175) 28 in. x 26 in. x 18 in.; subangular; planed and striated ; granite, Eskdale- 

(176) 24in.x13in. x § in.; angular; diorite. 

(177) 18 in. x17 in.x 4 in. (+); subangular; planed; granite, Dalbeattie. 

(178) 24 in. x19 in. x 7 in. (+); subangular; andesite. 

(179) 27 in. x 16 in. x 18 in.: subangular; planed and striated ; andesite. 

(180) 22 in. x19 in. x 20 in.; subangular; planed and fractured; granite, Dal- 
beattie. 

(181) 30 in. x 26 in. x 22 in.; subangular; andesite. 


Rifie Butts— 


(182) 20 in. x11 in. x 14 in.; angular; silurian grit. 

(183) 24 in. x 20 in. x 8 in. (+); subangular; granite, Dalbeattie. 

(184) 30 in. x 18 in. x 15 in.; subangular; planed and striated ; andesite. 
(185) 26 in. x 24 in.x 9 in.; subangular; planed and striated ; silurian grit, 
(186) 24 in. x 15 in.x11in.; angular; planed and striated ; andesite. 


Witten Lane— 


(187) 18 in. x 12 in. (+)x12in.; rounded; planed; granite, Dalbeattie. 

(188) 15 in. x 12 in.x 8 in.; angular; planed and slightly striated ; andesite. 

(189) 30 in. x 24 in.x6 in. (+); subangular ; axis, 55° W. of N.; planed and 
striated, in situ ; andesite. 

(190) 24 in. x 15 in. x 15 in.; subangular; planed and striated ; silurian grit. 

(191) 20 in. x 15 in. x ?; subangular; andesite. 

(192) 15 in. x 8 in. x 8 in.; angular; andesite. 

(193) 24 in. x 24 in. x ?; subangular; planed; andesite. 

(194) 43 in. x 23 in. x 24 in. (+); angular; granite, Criffel. 

(195) 18 in. x 12 in. x 12 in.; angular; slightly planed; granite, Dalbeattie. 

(196) 40 in. x 26 in.x 12 in. (+); angular; andesite. 

(197) 30 in. x 22 in. x 16 in.; subangular; planed; granite, Dalbeattie. 

(198) 24 in. x 22 in.x?; rounded; planed; granite, Dalbeattie. 

(199) 23 in. x 18 in.(+) x12in.(+); subangular; planed ; andesite. 

(200) 12 in. x 12 in. x 12 in.; rounded; planed; granite, Criffel. 

(201) 15 in. x 12 in. x 6 in.; angular; andesite. 


Fence of Salt Marsh— 


(202) 19 in. x 12 in.x 12in.; angular; planed and striated; andesite. 


“y 
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CHESHIRE. 
* Reported by Joseru Lomas, A.R.C.S. 


Mid Wirral.—Probably very few of the following boulders are in situ. 
They are mostly situated at cross roads and in farmyards. 
Opposite Grange Farm, Little Storeton— 


(1) 18 in. x 12 in. x 12 in.; pear-shaped; diorite. 
Group at Little Storeton— 


(2) 12 in. x 12 in. x 6 in.; planed and striated ; Yewdale breccia 
(3) 21 in.x 18 in. x 18 in.; rounded; Scotch granite. 


(4) 18 in. x 12 in. 
in. x?; diorite. 


(5) 15 in. x 12 


Opposite school— 


(6) 18 in. x 15 in. 
(7) 24 in. x 14 in. 


x 9 in.; silurian grit, 


x8 in; Yewdale breccia. 
x12 in.; striated; andesite (?) 


(8) 16 in.x 16 in. x9 in.; striated; andesite. 


Storeton, near farm gate— 


(9) 22 in. x 20 in. x 18 in.; rounded and striate]; andesite. 
(10) 16 in. x 9 in. x 12 in.; andesite. 
(11) 21 in. x 15 in. x 12 in.; andesite. 
(12) 24 in.x 18 in. x 9 in.; silurian grit. 
(13) 24 in. x 15 in. x 21 in. (+); diorite. 
(14) 26 in. x 18 in. x 15 in. ; Scotch granite, 
(15) 16 in. x 15 in. x 10 in.; andesite. 
Brimstage— 
(16) 15 in. x 6 in. x 12 in.; rounded; Scotch granite. 


(17) 18 in. 
(18) 16 in. 
(19) 28 in. 
(20) 25 in. 


Near Red Cat Inn, Brimstage— 


(21) 20 in. x 14 in. x 12 in.; andesite. 

(22) 14 in. x 12 in. x 12 in. ; andesitic agglomerate. 
(23) 18 in. x 15 in. x 12 in. ; andesite. 
(24) 16 in. x 12 in.x 15 in.; limestone. 
(25) 17 in. x 18 in. x 8 in. C+); planed ; 
(26) 16 in. x 14 in. x12 in.; andesite. 


In Pinfold, Brimstage— 


(27) 22 in. x 22 in. x 15 in.; silurian grit. 

(28) 27 in. x 18 in. x 16 in. ; andesite. 

(29) 27 in. x 24 in. x 20 in. ; striated and planed ; andesit 
(30) 15 in. x 13 in. x 12 in.; andesite. 

(81) 12 in. x 14 in. x 16 in.; andesite. 


Near Pinfold— 


(32) 18 in. 
(33) 24 in. 
(34) 18 in. 
(35) 16 in. 
(36) 21 in, 
(37) 14 in. 


x13 in. x14 in.; striated; andesite. 
x 12 in. x9 in.; Scotch granite. 

x 24 in. x 14 in.; andesite. 

x 14 in. x 15 in.; andesite. 


silurian grit. 


x15 in. x 16 in. ; andesite. 
x 12 in. x18 in.; andesite. 
x14 in. x?; grit. 

x 10 in. x 9 in.; andesite. 
x18 in. x 14 in.; andesite. 
x 12in. x12 in.; andesite. 
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Near cross roads— 


(38) 39 in. x 28 in. x 18 in.; planed and striated ; andesite. 
(39) 22 in. x 18 in. x 20 in. ; andesite. 


On road to Spital— 
(40) 15 in. x 14 in. x 10 in.; planed and striated ; andesite. 


Sandy Lane Pit— 


(41) 18 in. x 14 in. x 15 in.; andesite. 
(42) 16 in. x 15 in. x 10 in. ; andesite. 


Storeton Road— 
(43) 20 in. x 15 in. x 15 in.; andesite. 
Roadside near Spital Station— 


(44) 17 in. x 10 in.x 8 in.; rounded and striated; felsite. 
(45) 16 in. x 10 in. x 9 in. ; rounded ; silurian grit. 
(46) 22 in. x 14 in. x 8 in.; striated and rounded; andesite. 


Opposite Spital Old Hall— 


(47) 15 in.x 12 in. x 8 in.; rounded; andesite. 
(48) 16 in. x 9 in. x 6 in.; striated and planed ; striz axial ; ee grit | 


Group in Spital Old Hall Yard— 


(49) 22 in. x 24 in. x 22 in.; striated; Scotch granite. 

(50) 13 in. x 14 in. x 7 in. ; planed and striated axially ; Buttermere granophyre. 
(51) 19 in. x 14 in. x 9 in.; planed and striated axially ; andesite. 
(52) 17 in.x 12 in. x 8 in.; planed and striated axially; andesite. 
(53) 15 in. x 8 in. x 10 in.; rounded; felsite. 

(54) 14 in.x 9 in. x 8 in.; rounded; Buttermere granophyre. 

(55) 24 in. x17 in. x 9 in. ; rounded and striated axially ; felsite. 
(56) 18 in. x16 in.x?; planed and striated; felsite. 

(57) 17 in. x 14 in.x?; planed and striated ; andesite. 

(58) 16 in. x 11 in.x?; planed and striated ; silurian grit. 

(59) 14in.x 10 in.x?; felsite. 

(60) 17 in. x 13 in. x 8 in, (+); silurian grit. 

(61) 18 in,x 14 in. x7?; planed; andesite. 

(62) 22 in.x12in.x?; striated; felsite. 

(63) 17 in. x 11 in. x?; andesite. 

(64) 17 in. x 17 in. x 9 in.; planed and striated; andesite. 

(65) 26 in. x 19 in, x 12 in, (+) andesitic ash. 

(66) 14 in. x 15 in.x 18 in. (+); rounded and striated ; andesite. 
(67) 16 in. x 10 in. x 6 in.; planed and striated ; silurian grit. 


In the yard there are hundreds of lesser size which range up to 12 inches 
diameter. There are a large number of felsites and several white sand- 
stones which greatly resemble gannister. 

Group at roadside, opposite Hall— 


(68) 22 in. x 17 in. x 14 in.; rounded; Scotch granite. 
(69) 24 in. x16 in. x11 in.; andesite. 

(70) 18 in. x 13 in. x 8 in. ; andesite. 

(71) 19 in. x 16 in. x 8 in.; andesite. 

(72) 17 in. x 12 in. x 12 in.; Scotch granite. 

(73) 21 in. x 14 in.x 10 in.; gannister; ? white sandstone. 
(74) 18 in, x 18 in. x 8 in.; "ash. 

(75) 19 in. x 10 in. x 19 in. ; striated axially ; silurian grit. 
(76) 19 in. x 15 in. x 12 in.; rounded; andesite. 

(77) 23 in. x 15 in. x 12 in. ; rounded; andesite. 

(78) 18 in. x 16 in.x11in.; rounded; andesite. 

(79) 21 in. x 18 in. x 14 in.; rounded; andesite. 

(80) 19 in.x 15 in.x 10 in.; rounded; felsite. 
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On Neston Road, opposite Pinfold— 
(81) 31 in. x 24 in. x ?; Scotch granite. 


Road to Clatterbridge— 


(82) 14 in. x 13 in. x 12 in.; Scotch granite. 
(83) 24 in. x 21 in.x 12 in. (+); planed; andesite. 


Near Clatterbridge— 


(84) 15 in. x 12 in. x 12 in.; rounded; andesite. 

(85) 15 in. x 16 in. x 10 in. ; andesite. 

(86) 20 in. x 18 in. x 12 in.; striated and rounded ; andesite. 
(87) 19 in. x 15 in. x 10 in. ; silurian grit. 

(88) 17 in. x 14 in. x 8 in.; striated and planed; felsite. 


Road to Thornton Hough— 


(89) 18 in.x 13 in.x 10 in.; rounded ; striated and planed ; granite, 


(90) 21 in. x 20 in. x 12 in.; rounded ; andesite. 


(91) 18 in. x 18 in. x 10 in.; planed and striated; ? gannister. 


(92) 20 in. x 18 in. x 12 in.; rounded; Criffel granite. 
(93) 22 in. x18 in. x 12 in.; andesite. 


(94) 25 in.x12in. x8 in.; striated and planed ; silurian grit. 


(95) 20 in.x 13 in. x10 in.; rounded; Dalbeattie granite. 


Bye-road near Thornton Hough— 
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(96) 56 in. x 40 in. x 22 in.; rounded; striated axially ; axis, 70° W. of N 3 


andesitic agglomerate. 


Near Thornton Hall— 


(97) 20 in. x 13 in. x 16 in. ; andesite. 
(98) 40 in. x 16 in. x 24 in. (+); rounded ; andesite. 
(99) 18 in. x 14 in. x19 in. (+); granite. 

(100) 24 in. x 12 in. x 18 in.; granite. 

(101) 30 in. x 14 in, x 20 in. (+); andesitic agglomerate. 


Near farm, Thornton— 


(102) 21 in. x 16 in. x 12 in. ; andesite. 

(103) 17 in. x 19 in. x 9 in.; andesite. 

(104) 40 in. x 35 in, x 22 in.; striated and planed ; andesite. 
(105) 28 in. x 16 in. x 12 in. (+); andesite. 

(106) 20 in. x 10 in. x ?; andesite. 

(107) 36 in. x 30 in. x 14 in; andesite. 

(108) 43 in. x 30 in. x 27 in.; granite. 


Seven Stars Inn— 
(109) 27 in. x 14 in. x 24 in. (+); granite. 


Opposite Seven Stars Inn— 
(110) 24 in. x 19 in. x 12 in.; granite. 
(111) 20 in. x 16 in. x 12 in. (+); diabase. 
Opposite Wesleyan Chapel— 
(112) 33 in. x 20 in. x 18 in.; striated and planed ; granite. 
(113) 8 in. x 22 in.x 14 in.; andesite. 
Opposite smithy— 


(114) 38 in. x 26 in. x 12 in. (+); andesite. 
(115) 22 in.x 17 in. x 10 in.; andesitic agglomerate 
(116) 24 in. x 16 in. x 14 in. ; silurian grit. 
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Bye-road near Little Grange— 


(117) 24 in. x 20 in. x 12 in, ; silurian grit. 
(118) 20 in. x 18 in. x 12 in. ; . granite. 


Boulders on Hilbre Island. 
Near Little Eye, 8) yards N.W. of— 


(1) 50 in. x 42 in. x 18 in. ; well rounded ; andesitic agglomerate. 


200 yards N.W. of Little Eye— 


(2) 90 in. x 84.in.x42in.; triangular in shape; well rounded ; andesitic 
agglomerate. 


300 yards from Little Eye— 


(3) 30 in. x18 in. x 12 in. ; ? ash. 
(4) 45 in. x 39 in. x 20 in.; diabase. 


* Reported by Mr. J. A. AupuEY, A.R.0.8. 
Boulders near Goyt Hall, Stockport. 


(1) 42 in.x24 in.x27 in.; rectangular, subangular; Rigg o’ Burnfoot 
granite. 
(2) 90 in. x 84 in. x 42 in. (+); subangular ; andesite. 


* Reported by Mr. Wu. Mawsy, of Birkenhead. 


Particulars of a group of 25 boulders lying on West Kirby Beach, a 
few yards from the base of the Boulder Clay Cliffs, south of the Hydro- 
pathic. 

(1) 20in. x 18in. x 10 in.; pentagonal; subangular ; no striz ; basalt. 
(2) 18 in. x 16in. x 12in.; square; subangular; striated; granite. 
(3) 30 in. x 20 in. x 20in.; rounded; disintegrated ; no striz; basalt. 
(4) 16in. x 12in. x 12in.; rounded; disintegrated; no striz ; basalt. 
(5) 33 in, x 24in. x 16in.; oblong; subangular; no striz ; andesite. 
(6) 32in. x 26in.x 18in.; oblong; subangular; no striz; granite. 
Gi) 3 (nx 2i4 im, <2) BQH 5 subangular ; planed, no striz ; andesite. 
(8) 24in. x 2lin. x 12 in.; pearshaped; subangular ; planed, no striz; limestone. 
(9) 24in. x 18in. x 12in.; polygonal; subangular; no striz; granite. 
(10) 27 in. x 18 in. x 12in.; pear shaped; subangular; no strive ; granite. 
(11) 28 in. x 15 in. x 10in.; oblong ; subangular ; no strie ; andesite. 
(12) 30in. x 24in.x 12in.; oblong; subangular; no strive ; andesite. 
(13) 28 in. x 21 in. x 14in.; rounded; subangular; no striz; basalt. 
’ 


(14) 18 in. x 18 in. x 14 in. ; rounded ; subangular ; no striz ; andesite. 

(15) 28 in. x 20in. x10 in. ; pear shaped ; subangular ; ; striated ; andesitic ag- 
glomerate. 

(16) 30in. x 20in. x 16in.; oblong; subangular; no strie ; andesite. 

(17) 26 in, x 21in, x 15in.; polygonal; subangular; no striz; granite. 

(18) 26 in. x 24in.x15in.; triangular; subangular; no striz; granite. 

(19) 20 in. x18 in. x8 in.; triangular; subangular; planed and _ striated 
andesite. 

(20) 22in.x 18 in.x12in.; rounded; subangular; planed; andesitic agglo- 
merate. 

(21) 26in. x 12in.x10in.; oblong; subangular; no striz; andesite. 

(22) 22 in. x 16 in. x 12 in. ; oblong ; ; subangular ; no striz ; andesite. 

(23) 22 in.x 18 in. x6 in.; pentagon ; subangular ; no strive ; granite, 

(24) 17 in. x 16 in. x6 in.; square; subangular; no strie; granite. 

(25) 24 in.x 15 in. x 8 in.; oblong; subangular; no striz; andesite, 


The longest axis is in almost every case 10° West of North. 
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* Reported by Mr. THomas Kay, J.P., of Stockport. 


Marple-—Wood Farm, in the field next the farmhouse, on the N.E.— 
A block of Lake District Andesite, about 1 ft. 8 in. long. 


* Reported by Mr. J. W. Gray, F.G.S., of Stockport. 


Woodley.—In clay-pit behind Buckley’s Mill, amongst a large assem- 
blage of Lake District and Scottish rocks, two blocks ot Ardwick 
Limestone (Upper Coal-measures), exactly resembling that which occurs 
in situ at Levenshulme. There is no known outcrop nearer to Woodley. 


DERBYSHIRE. 
* Reported by Mr. Josuru Lomas, A.R.C.S. 


Boulders occurring in the neighbourhood of Hayfield, Derbyshire. 
Near Railway Inn, Hayfield— 


18 in. x 14in. x 10 in.; subangular ; andesite. 
30 in. x 24in. x 14in.; rounded and polished ; andesite. 
40 in. x 30 in. x 20 in.; well polished ; andesitic agglomerate. 


Near railway station— 


32 in. x28 in.x20 in.; weil rounded; moved to present site, found in the 
brook ; andesite. 


30 in. x 26 in. x 12 in.; andesite. 


Opposite Bull’s Head— 


24in.x14in.x12in.; rounded; Buttermere. 


At Royal Hotel gate— 


24 in. x 24in.x18in.; rounded; andesite. 
26 in. x 20 in. x 16in.; rounded; andesite. 


In brook, opposite Farlands— 


24 in, x 24in.x12in.; Buttermere. 


Cross roads, Little Hayfield— 


30 in. x 30 in. x 12 in.; planed and striated axially; Buttermere 
27 in. x 20 in. x 14in.; rounded; Buttermere. 


In the Clough— 


24 in. x 20in. x 12in.; Buttermere. 


Opposite Board School, Hayfield— 


27 in. x 24 in. x 12 in.; rounded; Buttermere. 


Road to Kinder, near Royal Hotel— 


36 in, x 24 in. x 30 in.; Eskdale granite. 


Opposite Walk Mill Chapel— 


Two boulders, both andesites, almost circular, one 18 in. and the other about 
15 in. diameter. 
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In the neighbourhood there are many rounded pieces of millstone grit, 
some of which must be boulders, but the quarries in the neighbourhood 
contain many rounded concretions, and the rounded appearance of some 
blocks found isolated by the roadside may be due to this cause. 


Norra WALEgEs. 
* Reported by Mr. A. C. Nicnouson, F.G.S., of Oswestry. 


Llanymynech Hill, 6 miles 8. of Oswestry, and in the parishes of 
Oswestry, Llanyblodwel, and Llanymyuech. 
In ‘ Bottom-rock’ quarry, 650 ft. above O.D.— 


2 ft.x 1 ft. 6in.x1ft.; rounded; argillite. 


Associated with this were many blocks of Caradoc sandstone, trap, and 
local limestone. They occurred in a bed of gravel graduating downward 
into a red stony clay, which rested upon a surface of limestone striated 
from 22° S. of W. to 22° N.of E. In a disused quarry known as Charles 
Roberts’s Pant, in the township of Crickheath, 590 ft. above O.D., 
another surface showed striz from 12° 8. of W. to 12° N. of E. 


* Reported by Rev. C. R. Barker, B.A., S.J., of St. Bewno’s College, 
St. Asaph. 


Tremeirchion, near St. Beuno’s College. A small piece of the Eurite 
of Ailsa Craig. 
WORCESTERSHIRE. 


* Reported by Mr. Georce Gray, of Worcester. 


Worcester.—¥ rom a gravel pit about 30 ft. above the present level of 
the River Severn the following series was obtained, representing all the 
varieties that could be found— 

Vein quartz, 1. 

Agate, 1. 

Buttermere granophyre, 1. 

Welsh lavas, 3. 

Welsh agglomerate, 1. 

Flint, 1. 

Eskdale granite (the typical aspect as well as varieties), 9 

Scottish granites (these are all of familiar Galloway types, and include rocks 
much resembling the varieties found at Creetown and Rigg o’ Burnfoot), 6. 

Rhyolite of the Wrekin, 1. 

U. Llandovery limestone (a block about 9 in. long, containing Stricklandinia), 1. 


Iste or Man. 


* Reported by Rev. S. N. Harrison, of Romsey. 


Maughold.—On the high road between Port-e-Vullyn and the Cairn. 
Small boulders of granite, under 1 ft. in diameter, lie scattered on both 
sides of the hill, especially towards the eastern portion of the north side 
on Balladromma. On the top of the range at East Ballatesson, on 
Magher-lough— 

(1) 2 ft.x1 ft. 6 in. x1 ft.; Biotite granite. 


(2) 1 ft. 6 in.x 1 ft. x 1 ft.; Biotite granite. 
(3) 1 ft. 4 in. x1 ft.x 1 ft.; Biotite granite, 


and other smaller ones. 
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On the Cronk— 


(1) Fragments of a boulder calculated to have been 4 ft. long; andesitic ag- 
glomerate ; rounded ; striated longitudinally. 

(2) 3 ft. long; grit; now broken into fragments. 

(3) 2 ft.x1 ft. 4 in. x8 in.; grit. 

(4) 1 ft.x 10 in. x 8 in.; granite, oval. 


On the Glebe— 


Small boulders of vein-quartz and grit. 


On the Cairn.—Small boulders under 6 inches in diameter of Loch 
Doone granite and Buttermere granophyre. 

Above the Village of Maughold.—Many blocks of vein-quartz and clay 
slate (local), with an occasional trap boulder. 

From Maughold down to Port Mooar are a number of small granites 
and red sandstone. In a line from the Rheast, across by Ballakelly 
farmhouse to Crow Villa, are several grey granites and grits in or near 
the fences, and smaller groups may be seen at the well on Ballakelly ; 
near the farmhouse of Ballater East ; and at Crow Villa. 

On the Hills from Claghbane, S.E., to Ballaskaig.— 

On Claghbune, 350 ft. above O.D.— 

(1) 1 ft. x 10 in. x 8 in.; granite of Dalbeattie. 


(2) 10 in. x 8 in. x 6 in.; granite of Loch Skerrow (?). 
(3) 3 ft.x 2 ft. 6 in. x 2 ft. ; grit. 


Several granites under 2 ft. in diameter lie scattered about the 
fields nearer to Ramsey, besides blocks under 1 ft. in diameter of red 
sandstone and greenstone. 


On Balla Stole-—One red sandstone under 6 in. in diameter and 
blocks of grit and vein-quartz. 

In Ballure Glen.—A large number of boulders of grit both angular 
and rounded. Above the bridge are two granites— 


(1) 4 ft. x 2 ft. x 1 ft. 10 in. 
(2) 1 ft. 6 in. x1 ft. 4 in. x1 ft. 


Below the bridge are two granites under 1 foot in diameter, one slaty 
conglomerate 3 ft. x2 ft. x2 ft., and a diabase 2 ft. in diameter. 
i. of Ballure on top of Diabase Quarry— 


(1) 6 in. x 4 in, x 2 in.; greenstone; well scratched. 


Blocks of this rock (the diabase) have been carried in aS. and S.E. 
direction to Slieu Lewaigue. No foreign rocks have been noticed, but 
only blocks of grit, clay slate, and vein-quartz. 
On Balla Oreggan.—Grit and vein-quartz. 
On Ballasaig, 430 ft. above O.D.— 
(1) 3 ft. in diameter; granite; angular; now split. 
(2) 3 ft. in diameter; granite; rounded; now split. 


This is the highest point at which a large boulder of granite has been 
found. 
(3) 6 in. in diameter; red based; porphyry. 


There are small pebbles of quartz and silurian grit to be found between 
here and Ballafayle. 

On Ballafayle—There are blocks of grit and vein-quartz 4 ft. in 
diameter. ) 
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On the S. side of these hills, down to the stream Stroan-a-Vreck, 
which runs from near the foot of North Barrule to Corna Bridge, I have 
noticed only three granite boulders. They are in a line with the Corna 
School, as if they had come across the river there, not far from the place 
where the other larger boulders are on Ballasaig. One of these— 
1 ft. 6 in. xi ft. 6 in. x10 in. is near the farmhouse at Magher-a-breck ; 
another, at Ballaglass, is 2 ft. x 2 ft. x 10 in.; and the third, to 
the Westward of the Corna School, on Booley Vett, is 10 in. x 8 in. x 
6 in. The other boulders on these lands are grit and vein-quartz, 
chiefly angular. 

On the S. side of North Barrule.—Below the Shepherd’s cottage are as 
group of grits, varying in size from 6 ft. downward, lying in a mass of 
rubble. These are local. Above Cardle Voar are also several similar 
blocks trending down in an easterly direction. The largest are— 


(1) 5 ft. x4 ft. x 3 ft. 
(2) 4 ft. x3 ft. 6 in. x 2 ft. 6 in. 


ail angular. 
In the old road S.E. from Cardle, on the south side of Ballaglass, are 
other blocks from the same grit — 
(1) 6 ft.x4 ft. x3 ft.; oval. 
(2) 3ft.x2ft.6in.x — ; triangular. 
(3) 10 ft.x 5 ft. x 2 ft. 6 in.; angular. 
(4) 9 ft.x5 ft.x 6 ft. 4 in.; in stream. 


Above Magher-e-Kew are others of micaceous grit— 
(1) 6 ft. x 3 ft. 6 in. x 3 ft.; angular. t 
(2) 4 ft. x 2 ft. x 10 in. 
(8) 5 ft. x2 ft. 4 in. x 5 ft.; oval. 


Down Ballaglass, in an easterly direction, on Thalloo Loash, is a* 
group of some 300 blocks of the micaceous grit, varying in size up to 
6 ft. x4 ft. x 3 ft., and one granite 2 ft. x2 ft. x10 in. 

Between the stream of Stroan-a-Vreck and Corna Stream, in the 
plantation of Ballaglass above Corna Mill, are some hundreds of blocks 
of grit and vein-quartz. Many of these have been collected at the junc- 
tion of the stream. Below the bridge, down the side of Rhenab, are also 
a large number of angular blocks of grit varying in character, some 
micaceous, while others bear a resemblance to granite. 

These blocks appear to have travelled in an easterly direction, and 
somewhat downhill to their present positions, 

Below here a patch of boulder-clay is exposed. On the lands of 
Rhenab and Corrany are scattered blocks of grit-quartz, vein-quartz, and 
clay slate. Some of these have been carried in a south-easterly direction. 
One of the largest—10 ft. x 6 ft. x5 ft., an oval boulder of grit, lies in 
Rhenab Glen. 

One in the Corrany, 3 ft. x 2 ft.6in.x8in., has an impression 
resembling a Lycopod on the flat side. 

On the hills above these lands, from Corna river to Lonan, are vein- 
quartz and clay slate, many undisturbed. 

In the granite district of the Dhoon blocks have been carried in a 
southerly—south-westerly direction, across Lonan to Onchan, and have 
been traced from Agneish by Lonan Church to Baldrine and down 
Groudale Valley. 

[Nore.—The pitchstone boulder at Port-e-Vullyn, recorded as No. 5 on 


ae 
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page 23 of the Nineteenth Report, has been identified by Professor Zirkel 
and others as the Pitchstone of Arran. 

It is of especial interest, as boulders of the Eurite of Ailsa Craig 
occur in various parts of the Isle of Man.!] 


Errata. 
In the Report for 1873, p. 191 :— 


1. Dele line 1, Charnwood Forest and other. 
rh » 30, Rocks of Charnwood Forest, from a distance of 50 miles. The 
rocks supposed to have been derived from Charnwood Forest 
can be distinctly identified as having travelled from the Lake 
District. 
3. The subjoined remark on the intermixture of boulders needs qualification 
to the extent of this correetion. 


qd 


Third Report of the Committee, consisting of Dr. Henry Woop- 
WARD (Chairman), Rev. G. F. WHIDBORNE, Messrs. R. Kinston, 
J. E, Marr, and A. S. Woopwarp (Secretary), to consider the 
best methods for the Registration of the Type Specimens of 
British Fossils. (Drawn up by A. S. Woopwarb.) 


Tae Committee have to report gradual progress in the registration of the 
type specimens of British fossils, but regret that it is still impossible to 
begin the tabulation of the results. Several important lists have been 
received during the year, and the printed catalogues of the collections at 
# Cambridge (Woodwardian Museum), Bath, and Brighton, referred to in 
the last report, have now been issued. The lists, already at the disposal 
of the Committee, are enumerated below, and a special effort will shortly 
be made to obtain the remainder. The Keeper of the Department of 
Geology in the British Museum is making arrangements for the cata- 
loguing of the types in the national collection, and when this task is 
completed the Committee will be the better able to consider the most 
satisfactory method of dealing with the whole of the material. 


Lists or Type Fossits rEcEtvep 1891-92. 


Museums. — Bath, Belfast, Brighton, Bolton (Chadwick Museum), 
Bristol, Cambridge (Woodwardian’ Museum), Chester, Dorchester, Glas- 
gow (Hunterian Museum), Halifax, Keswick, Leeds, Leicester, Ludlow, 
Manchester, Saffron Walden, Scarborough, Torquay, York, 

Private Collections.—Messrs. R. Craig (Beith), J. W. Davis (Hali- 
fax), J. W. Kirkby (Leven), G. H. Morton (Liverpool), J. Postlethwaite 
(Keswick), D. Robertson (Millport), A. C. Savin (Cromer), R. H. 
Traquair (Edinburgh), E. A. Walford (Banbury), J. Ward (Longton), 
J. Windoes (Chipping Norton), and John Young (Glasgow). Also a list 
of the Grossart Collection (Salsburgh), prepared by Mr. John Young. 


Proc, Lit. and Phil. Suc. of Manchester, February 1891. 


1892. U 
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Third Report of the Committee, consisting of Professor JAMES 
GEIKIE (Chairman), Dr. TEMPEST ANDERSON, Dr. VALENTINE 
Batu, Mr. James E. BEpForD, Professor T. G. Bonney, Professor 
W. Boyp Dawkins, Mr. James W. Davis, Mr. Epmunp J. GaR- 
woop, Mr. Winuiam Gray, Mr. Rosert Kinston, Mr. ARTHUR 
S. Rem, Mr. R. H. TippEeman, Mr. W. W. Warts, Mr. Horace B. 
Woopwarp, and Mr. Osmunp W. JEFFS (Secretary), to arrange 
for the collection, preservation, and systematic registration of 
Photographs of Geological Interest in the United Kingdom. 
(Drawn up by the Secretary.) 


Ix presenting their third report your Committee desire to observe that 
although the number of photographs collected during the past year 
shows a decrease as compared with the two previous years, yet a greater 
proportion are of high scientific interest, and illustrate features of real 
geological importance. At first it was unavoidable that a considerable 
number of those received were only ‘ geological’ photographs in a general 
sense. As explained in the last report,! it was not desired to restrict 
this term too greatly; but without some limit the collection would cease 
to represent typical geological features of the United Kingdom, and 
become simply a collection of landscape photographs. 

The number of photographs received and registered from the date of 
the last report (August, 1891) to the end of June, 1892, is 112, bringing 
the total contents of the collection to 700. Owing to the early meeting 
of the Association this year, the list was closed before a complete twelve 
months’ work could be recorded, and results have uot yet reached the 
Committee from several of the societies which have undertaken local sur- 
veys for geological purposes. The following summary shows the geo- 
graphical areas represented in the collection :—- 


ENGLAND; Montgomeryshire . : Vis) 
Berkshire : J 3 Feet 3 Northumberland . : eT 
Cheshire : ; , +1430 Shropshire. : : . 21 
Cornwall f ‘ : al lis Somerset A 4 ‘ 2:12 
Cumberland . J : pes) Staffordshire . ; Jo 
Derbyshire . : : all! Wiltshire F : : 5) 
Devonshire. : ; yy ral Worcestershire é : “ae 
Dorsetshire . F . . ~ LS Yorkshire 2 : = =, LZ 
Durham . F ; , eee NorTH AND SOUTH WALES. 72 
Hampshire. : : eee SCOTLAND. c : cl . 52 
Hertfordshire ; : ew: IRELAND . F é ; 123 
Isleof Man . F : oe ee MicRoscoPic SECTIONS . Salle 
Kent 3 é : ; Ena lig —- 
Lancashire . ¢ ‘ 530) Total . ‘ . 700 


Leicestershire A ; Sh ees 


It will be seen from the foregoing that only about half of the English 
counties are represented in the collection, while the small amount of the 
contributions from several of those named in the list shows that consider- 
able work is yet required to be done towards the completion of the scheme 
the Committee have in view. 


1 Report 1891, p. 321. 
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An exhibition of geological photographs was arranged in Section C 
at the Cardiff meeting. 

Your Committee met at Cardiff and discussed details of the work. 
It was decided, on the recommendation of Dr. Tempest Anderson, to adopt 
a standard mount of uniform size for preserving the photographs, The 
style of mount adopted (known as the Zaehnsdorf ‘ self-binding’ mount) 
is 15} x12 inches, and is fitted with a special guard perforated at regular 
intervals for binding. This is of sufficient size to hold one whole-plate, 
or two half-plate, or four quarter-plate views. The views when mounted 
may be readily arranged in any desired order, and additions or substitu- 
tions effected. A supply of mounts has been obtained, and the collection 
is now in process of mounting and arrangement. Forms containing 
descriptive details of the photographs are affixed to the mounts. It has been 
arranged to supply these standard mounts to donors of photographs who 
are willing to mount their own views; otherwise the cost of mounting 
will fall on the Committee. It is found necessary to have the photographs 
properly mounted, not only for greater convenience of reference, but also 
to preserve them from possible injury by handling. The value of the 
collection is already considerable and will increase as it grows in num- 
bers. 

A new circular (No. 4) was issued by the Committee in November, and 
addressed toa large number of geologists and photographers (both profes- 
sional and amateur), and also to scientific and photographic societies in all 
parts of the kingdom. While the Committee much appreciate the help 
that has been afforded from so many quarters, they would urge upon 
geologists generally the desirability of promptly assisting the scheme in 
order that their work may be proceeded with as quickly as possible. The 
Committee are indebted to the editors of ‘Nature,’ the ‘ Literary World,’ 
‘English Mechanic,’ ‘Photographic News,’ ‘ Amateur Photographer,’ 
‘Globe,’ ‘Illustrated London News,’ and other periodicals for giving 
prominence to their scheme for collecting and registering geological 
photographs. 

The use of photographic processes for illustrating works on geology 
is becoming more frequent. During excursions of the Geologists’ Associa- 
tion, several photographs have been taken by members from which ‘ tint- 
blocks’ have been made to illustrate papers in the ‘ Proceedings’ of the 
Association. In several counties active efforts are being made by local 
bodies for photographic surveys, and it is hoped that important geological 
phenomena may be made a feature of these surveys, and that copies of 
such photographs will be added to the collection formed by your Com- 
mittee. 

Reference was made in the last report to the appointment of a Com- 
mittee on photographs by the Geological Society of America. The plan 


_ of this Committee is laid practically on the same basis as that of the 


ae 


British Association, the objects being (1) to make a photo-geological survey 
of America ; (2) to exhibit the collection at the annual meetings of the 
Society ; and (3) to publish a register of photographs received. The first 
register for 1890 contains a list of 293 photographs. 

Your Committee deem it satisfactory that steps are thus being taken 


_ to carry out their own object in other countries. 


Mr. C. J. Alford, F.G.S., mining engineer (of Suffolk House, Lawrence 
Pountney Hill, London), offered a series of geological photographs of 
subjects abroad, which the Committee were unable to accept owing to 
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their operations being confined to the British islands. At the desire of 
Professor W. Boyd-Dawkins, F.R.S., the information is now given, as it 
may be of interest to many members of the Association. 

It has been suggested that, in order to save trouble in printing for 
the purpose of supplying copies to applicants, donors of photographs. 
should make arrangements with local photographers, to whom their nega- 
tives may be entrusted, to execute orders for prints or lantern slides. 
This information is added in one case in the present report, and will be 
continued in future lists whenever a similar arrangement has been 
effected. 

Your Committee have kept in view the question of the disposal of the 
photographs and the proposed publication of a selection of approved sub- 
jects, but recommendations on both these points are still deferred until 
it is seen to what extent the collection is likely to reach. They respect- 
fully request reappointment with the object of further proceeding with 
the work, in order that the collection may not be too partial or incom- 
plete, but may represent as nearly as possible all important geological 
formations exhibited in the British Islands. Their special efforts, during 
next year, will, it is proposed, be directed to obtaining photographs from 
the numerous localities not already included in the published lists. In this 
attempt, valuable assistance may be rendered by officers of the Geological 
Survey and local geologists by sending to the Secretary of the Committee 
early intimation of the opening of new sections showing features worthy 
of record by photography, in addition to particulars of old sections of 
typical importance, and localities of geological interest which have 
hitherto escaped record, or of which sketches and diagrams only have 
been published. It is hoped, too, that delegates of the Corresponding 
Societies and the officers of local Field Clubs or other bodies will bring the 
scheme before their members, and thus materially aid in making known 
the objects of the Committee. 

Certain instructions have been drawn up, in order to secure uniformity 
of action, copies of which will be supplied on application to any member 
of the Committee. It is understood, however, that these are to be con- 
sidered merely as a guide, and that all suitable photographs illustrating 
natural features of geological interest will be accepted for registration 
even if not complying with the whole of the recommendations stated in 
the circular, a copy of which is appended :— 


Instructions for the Collection of Geological Photographs. 


Photographs are desired illustrative of characteristic rock exposures, especially 
those of a typical character or temporary nature; important boulders ; localities 
affected by denudation, or where marked physiographical changes are in operation ; 
raised beaches; old sea-cliffs and other conspicuous instances of marine erosion; 
characteristic river-valleys or escarpments, and the like; glacial phenomena, such as 
roches moutonnées, moraines, drums and kames, or any natural views of geological 
interest. Photographs of microscopical sections and typical hand-specimens of rocks 
are also admissible. ¥ 

I. The views should be taken under skilled geological direction, and the most 
typical views should be secured in preference to general views. Societies are urged 
to form committees for the purpose of noting sections suitable to be photographed, 
and arranging such work as may be possible in each district. To this end it is 
anticipated that the services of many amateur photographers may be usefully brought 
into requisition. 

Il. Size of photograph recommended: 84 by 6} inches (‘ whole piate’); but this 
is optional. In view of the difficulty of carrying a heavy camera and plates, it is not 


id 
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desired to exclude smaller views when these are well-defined and clear. In the case 
of small negatives, when sharp, an enlargement to whole-plate size is desirable for 
the purpose of a place in the collection. The views should be printed by a permanent 
process whenever practicable. Isochromatic plates are strongly recommended to be 
mused. : 

III. In order to preserve its scientific value, each photograph should be accom- 
panied by as many of the following details as can be conveniently given. Forms for 
this purpose will be supplicd on application. 

(a) Name and position of section or locality. 

(b) Special features shown, with illustrative diagrams, when necessary. 
(Further details may be given, if more convenient, on a separate tracing 
attached to the photograph. ) 

(ec) Height and length of section, and compass direction. 

(d) Name and address of photographer, or of the society under whose direction 
the view is taken. 

(e) Date when photographed. 

(f) Indication (where necessary) of direction of light and shade; i.¢., state 
whether taken in ‘direct light’ or ‘in shade.’ 


IV. Each photograph sent in for registration should bear a local number, and the 
accompanying form should be numbered in accordance therewith. 

V. Photographs should be sent wnmounted. Mounts of uniform size, with per- 
forated edges for binding, to hold one whole-plate, two half-plate, or four quarter- 
plate views, have been prepared, and a number will be forwarded, on application, to 
donors of photographs who prefer to mount their own prints. 

VI. Lists of photographs, copies of photographic prints and information relative 
thereto should be sent under cover to the Secretary to the Committee, at the earliest 
possible date, in order to facilitate the work of registration. 


THIRD LIST OF GEOLOGICAL PHOTOGRAPHS. 
(to sung, 1892.) 


Norst.—This list contains the subjects of geological photographs, 
copies of which have been received by the Secretary of the Committee 
since the publication of the last report. Photographers are asked to 
affix the registered numbers, as given below, to their negatives, for 
convenience of future reference. 


Copies of any photographs desired can, in most instances, be obtained 
either from the photographer direct or from the officers of the local 
society under whose auspices the views were taken. 

The Committee in no case have assumed the copyright of photographs 
registered, which is presumed to be held by the photographer. 

The price at which copies of photographs may be obtained depends 
upon the size of the print and local circumstances, over which the 
Committee have no control. 


ENGLAND AND WALES. 


CHESHIRE. 


Photographed by Prizsttey & Sons, Egremont. Size 8 x 6 inches. 


Regd. No. 


631 The ‘Red Noses,’ New Cliffs of Bunter sandstone 
Brighton 
632 Wave study at Egremont. Breakers in action 
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DENBIGHSHIRE. 


Photographed by Professor J. Campsett. Brown, D.Sc., University College, 
Liverpool. Size 6 x 4 inches. ; 


Regd. No. 
598-600 Eglwysez Rocks, Llan- Escarpment of Carboniferous limestone 
gollen 


Photographed by Aurrep O. Watxer, J.P., F.L.8., Nant-y-Glyn, Colwyn. 
Size 6 x & inches. 


601-602 Penmaenrhos . . . Boulder clay, resting on Carboniferous lime- 
stone 


Dorset. 


Photographed by Captain Marswatn Hatt, J.P., 1.G.S., Hasterton Lodge, 
Parkstone, R.S.O. 


589 Luscombe (‘Stromboli’? Flat-topped hills and table-land valley of 
Hill, looking southwards) denudation 


Photographed by Miss M. K. Anprews, 12 College Gardens, Belfast. 
Size 6x 4 inches. 


680 Isle of Portland (47) . . (47) Innosthay Quarry ; fossil trees of Upper 
Dirt bed protruding through the ‘Soft 
burr’ 
681-682 _,, ss (48/9) . (48/9) Innosthay Quarry ; fossil trees of Up- 


per Dirt bed protruding through the ‘ Soft 
burr’ (nearer view) 


633 __—sé, +t (50) . . Blocks of fossil wood 
682 ,, > Cole . Fossil eyecad 
Doruam. 


Photographed by E. J. Garwoop, F.G.S., 14 St. Mary’s Place, Newcastle- 
on-Lyne. Enlargements marked E. (The negatives are placed with 
Messrs. Anpy & Ruppocx, Tynemouth.) 


621 Stanhope in Weardale ‘ Main’ limestone [KE] 
Parson Byer’s quarry 
622 Caldron Snout, Teesdale . Erosion of Whin Sill [KE] 


623 Tyne Head, south of . . Dyke crossing stream [H] 

624 High Force, Middleton-in- Whin Sill resting on shales [E] 
Teesdale 

625 Burtree Ford. Yoredale beds [E] 


626 Fell between East Gateand Lead vein, weathered into a ridge [E] 
West Gate, Stanhope in 


Weardale 
627 East Gate Lynn, Ruckhope Showing relation of ‘ Little Whin Sill’ to— 
Burn ‘Main’ limestone [E] 


628 last Gate Beck. 5 . Waterfalls in alternating beds of limestone 
and shales (Yoredale series) [E] 
630 Falcon Clints, Teesdale . Whin Sill, resting on limestone-[E] 
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Size 8 x 6 inches. 


Regd. No. 

685 Coast north of Marsden . ‘ Breccia gash,’ Magnesian limestone 

686 “53 “3 . Fault breccia’; bed of flexible limestone 

687 Marsden Bay . 6 . Fall of rock; bed of flexible limestone at 
top of cliff 

688 Suter Point : : . Concretionary limestone 

689 _,, », old quarry . ‘Cannon ball’ concretions 

690 Marsden, new quarry . Bedding planes passing through matrix and 
concretions 

691 Marsden Rock . 4 . Sea-stack; Magnesian limestone 

GLAMORGANSHIRE. 


Photographed by C. J. Watson, Acock’s Green, Birmingham. 
Size 6 x 4 inches. 


633-641 Penarth-Lavernock . . Series of nine views showing sections of 
Penarth beds, &c., from Penarth Head to 

Lavernock 

MERIONETHSHIRE. 


Photographed by G. J. Wittiams, F.G.8., Higher Grade School, Blaenau, 
Ffestiniog. Size 6 x4 inches, 
603 Foel, Tanygusian, Ffesti- Intrusion of ‘granitite’ into Tremadoc rocks 
niog 


NORTHUMBERLAND. 


Photographed by EH. J. Garwoop, Newcastle-on-Tyne. (Negatives placed 
with Messrs. Anpy & Rouppock, Tynemouth.) Size 8 x 6 inches. 


692 North bank of R. Tyne, Boulder clay, showing landslip and gullies 
between North Shields 
and Tynemouth 


693 ss 5 . Boulder clay, resting on Coal Measure sand- 
stone 

694 Ws Re . Boulder clay and ironstone concretions 

695 9 Fy . Boulder clay, resting on brecciated sand- 
stone 

696 oA 5 . Boulder clay, resting on contorted sandstone 

697 ro . . Boulder clay showing joint 

698 + % . Fault traversing coal seams 

699 Cullercoats. F , . Coal Measure sandstone and shales, with 


cave on coast 


SHROPSHIRE. 


Photographed by A. C. Nicuotson, I°.G.S., Oswestry. Size 8 x 6 inches. 


591-592 Gloppa, near Oswestry . Contorted glacial drift, sands, and gravels 
593 5 ef . Sandpit in drift 

$94-595 re + . Esker ridge 

596-597 a 3 . Surface of Esker ridge 
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YORKSHIRE. 


Photographed by H. Haminton, Clapham, near Lancaster. 
Size 12 x10 inches. 


Regd. No. 

604 Clapham Cave, near Ingle- Stalactites in interior 
borough 

605 ” ” . The ‘Great Pillar ” 
606 x . Deposits of stalagmite 
607 as » + The ‘Stalactite Gallery’ 
608 ” » + The ‘Jockey Cap’ 
609 ” » « The ‘Chandelier’ 


Photographed by E. J. Garwoon, F.G.S., Newcastle-on-Tyne. 
Size 8 x 6 inches. 


629 Teesdale . ‘ - . Inclusion of shales and limestones in Whin 
Sill 
Photographed by VatuntINE & Sons, Dundee. Size 8 x 6 inches. 


590 Stump Cross Cavern, Pate- (11,948) Stalactites in interior 
ley Bridge 


SCOTLAND. 


ARGYLE. 
Photographed by Wa. Exuison, 2 Balhousie Street, Perth. (Per Henry 
Coavss, F.R.S.E., Perthshire Society of Natural Science.) Size 8x6 


inches. 


642 Island of Kerrera, opposite Volcanic rocks (Old Red Sandstone), resting 
Oban on slates 


Photographed by VatentinE & Sons, Dundee. Size 12 x10 inches. 


644 Tingal’s Cave, Staffa (546) Basaltic columns 
645 ‘Old Man of Storr, Skye Sea stack 


(591) 
646 ‘Needle Rock, Quiraing ss 
(598) 
647 Carsaig Arches, Mull Volcanic rocks 
(1,440) 


ORKNEYS. 


Photographed by VauentinE & Sons, Dundee. Size 12x10 inches. 


648 NorthGoltonCastle,Strom- Marine denudation 
ness (10,406) 


PERTHSHIRE. 


Photographed by Wm. Extison, Perth. (Per Henry Coates, F.R.S.E., 
Perthshire Society of Natural Science.) Size 8 x 6 inches. 


643 River Tay, below Stanley . Trap dyke crossing river 
(See paper by R. Dow, ‘ Transactions,’ Perthshire Soc. Nat. Sci. vol. i.) 
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IRELAND. 


Co. ANTRIM. 


Photographed by J. Brown, Belair, Windsor Avenue, Belfast. 
Size 6 x 4 inches. 


Regd. No. 
656 Fair Head . : c . Marine denudation 
657 Much Island 2 ‘ ; Ae 


Photographed by Miss M. K. Anprews, 12 College Gardens, Belfast. 
Size 6 x4 inches. 


697% Hills Port Island, Magee ‘The Goblins,’ basaltic cliff 
(52) 


Co. DoneGAL. 


Photographed by J. Brown, Belair, Windsor Avenue, Belfast. 
Size 6 x 4 inches. 


649-651 Tory Island f . . Marine denudation 
$52-653 5 é , . Horn’s Head 
652 Lough Swilly . 3 . Dumree Head 
655 35 : : . Glengad Head 
Co. Down. 


Photographed by J. Brown, Windsor Avenue, Belfast. 
Size 6 x 4 inches. 


658 Slope of Slieve Berniagh Granite boulders 
Mourne Mountains 

659 Spellack Cliff, Slieve Wheel 
More 

660 North summit of Slieve Effects of wind erosion 
Birnon, Mourne Moun- 
tains 

661 Scotch rocks, near Blue 
Lake, Mourne Moun- 
tains 


Photographed by Miss M. K. Anprews, 12 Coilege Gardens, Belfast. 
(Enlargements marked E.) 


675 Scrabo Hill (53) ? . Trias penetrated by dykes [E] 

676 $ (54) : . Vertical dyke [E] 

677 a (55) A . Horizontal dyke [E] 

678 pe (56) ¢ - Southern continuation of horizontal dyke. 
Size 6 x 4 inches 

679 FA (57) « Continuous section of No. 1 quarry—east and 


west. Size 10 x 6 inches, panoramic view 


Eee 
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Co. LONDONDERRY. 


Photographed by Miss M. K. Anprews, 12 Oollege Gardens, Belfast. 
Size 6x4 inches. (Enlargements marked H.) 


Regd. No. 
662-663 Downhill Cliff (35, 46) . Basalt, with ochreous bands [662 E] 
664-665 Downhill Cliff, Temple Seastack; ‘ Backannaboe’ (The Tether Stake) 


rocks (36, 37) (E] 
666 Portrantage Valley (88) . Basalt [E] 
667 Umbra (31) ; 3 . Joint in chalk 
668 Umbra, Piper’s Cave (40) . Chalk 
669 Umbra, Gap of Carnowery Chalk; ochreous conglomerate ; basalt 
(41) 
670 Downhill Strand (42) . Chalk and basalt; part of northern margin 
of basaltic plateau 
671-672 Castlerock (45,44) . - Basalt and ochreous bands 
673 3 (45) . . Columnar basalt 


Microscopic Rock-SrEcrions. 


Photographed by Dr. Henry Stourerrors, M.A., Chester. (Lantern slide.) 


700 Foraminifera, Denbighshire limestone 


Photographed by J. J. H. Tuaru, M.A., F.R.S., 28 Jermyn Street, London. 
(Per Ausrey Stranan, M.A., F.G.S.) 


Series of photographs of microscopic organisms from the Phosphatic Chalk of 
Taplow, Berkshire. 

Regd. No, 

610-612 Foraminifera, x30; x35 
613 Chalk, washed in water 
614 Foraminifera and Znoceramus prisms 
615 Coprolites x 18 
616 Fragments of scales, x 100 


617-618 os fish bone, x 80; x135 
619 ne fish bone bored by fungus, x 90 
620 5 scale bored by fungus, x 160 


Ninth Report of the Committee, consisting of Professor T. W1L1- 
SHIRE (Chairman), Dr. H. Woopwarp, and Professor T. RUPERT 
Jones (Secretary), on the Fossil Phyllopoda of the Paleozoic 
Rocks. (Drawn wp by Professor T. Rupert JONES.) 


Eicut reports by this Committee have been handed in and printed, the 
last in 1890. Part I. of the ‘Monograph on the British Fossil Phyllo- 
poda,’ by Professor T. Rupert Jones and Dr. H. Woodward, published 
by the Paleontographical Society, contained twelve plates, illustrating 
thirty-nine species, belonging to four genera of Phyllocarida (Ceratio- 
caride) therein described. Part II. of that Monograph is now finished, 
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and has five plates of twenty-eight species in seven genera (including 
some of both the bivalve and the univalve Phyllocarida). 

The genera here treated of are Hymenocaris, Lingulocaris, Saccocaris, 
Caryocaris, Aptychopsis, Peltocaris, Pinnocaris, and Discinocaris. 

I. Of Hymenocaris we know of only two species, both British, namely, 
(1) H. vermicauda, Salter, very common in some beds of the Lingula- 
flags in North Wales; and (2) H. lata, Salter, represented by a unique 
and distorted specimen from the same strata. 

Il. Of Lingulocaris there are (1) L. lingulecomes, Salter ; (2) UL. sili- 
quiformis, Jones; and (3) L. Salteriana, T. R. J. and H. W. These are 
from the Cambrian of North Wales. 

ill. Saccocaris major, Salter, from the Lingula-flags, and S. minor, 
T. R. J. and H. W., from the Arenig series, are described and figured. 

IV. Caryocaris Wrightii, Salter, and the thinner C. Marrii, Hicks, 
from the Skiddaw slates of Westmoreland, are fully treated of; and it is 
suggested that the latter form is possibly due to a sexual difference. 

V. Of Aptychopsis we have recognised thirteen species, mostly 
British: 1. A. prima, Barrande, with its varieties longa and secunda, all 
Bohemian. 2. A. Barrandeana, sp. noy., and its variety brevior, nov. 
3. A. cordiformis, sp. nov. 4. A. lata, sp. nov. 5. A. glabra, H. W. 
6. A. Wilsont, H. W. 7. A. Salteri, H. W. 8. A. Lapworthi, H. W. 
9. A. ovata, sp. noy. 10. A. subquadrata, sp. nov. ll. A. angulata 
(Baily). 12. A. oblata, sp. nov. 

Nos, 5 and 8 are probably represented among the several figures of 
various forms of ‘ Aptychopsis prima’ given by Barrande in his ‘ Syst. 
Silur. Bohéme,’ vol. i., Supplement, 1872, plate xxxiii. 

Nos. 10 and 11 are from the Silurian of Ireland; the others (excepting 


‘No. 7, from South Wales) are from the Moffat series of South Scotland. 


VI. Three species of Peltocaris are (1) LP. aptychoides, Salter ; 
(2) P. anatina, Salter; (5) P. patula, sp. nov. 

Like Aplychopsis, Peltocaris is an Upper-Silurian British form, with 
some representatives in the Middle Silurian. 

VIL. Pinnocaris Lapworthi, Etheridge, jun., a rare Silurian form, is 
known in Ayrshire and Westmoreland. 

VIII. Of the round subconical tests, undivided except by the iri- 
angular nuchal notch, Discinocaris gives four species, all from the 
Upper or Middle Silurian of South Scotland and Westmoreland: 1. D. 
Browniana, H. W. 2. D. ovalis, sp. nov. 3. D. undulata, sp. nov. 
4. D. gigas, H. W. 

The British specimens here referred to belong to—(1) the British 
Museum; (2) the Museum of Practical Geology and Geological Survey 
of Great Britain; (3) Museum of the Geological Survey of Scotland ; 
(4) Museum of the Geological Survey of Ireland; (5) Woodwardian 
Museum, Cambridge; (6) Museum of the Owens College, Manchester. 
The authorities of these institutions have courteously given us facilities 
(by loan or otherwise) for studying the specimens. For the loan of a 
large series we owe thanks to Mr. D. J. Brown, of Moffat, and for others 
to Dr. C. Lapworth, of Birmingham. The late Mr. James Dairon, of 
Glasgow, also obligingly lent us some specimens. 

The Pinacaride (Dithyrocaris, &c.) have next to be described and 
figured in detail; and farther descriptions and figures are required of the 
Ceratiocaride, for which the Committee have accumulated much material. 
Mr. J. G. Williams, F.G.S., of Ffestiniog, has lent the Committee a large 
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series of North-Welsh Phyllocarids, including Hymenocaris and other 
genera, which will require careful study. 


The chief additions to published information about the Paleozoic 
Phyllopoda are— 

1. Some notes on the Devonian Estheria membranacea, with a figure 
and description of an oblong variety, showing the concentric riblets and 
interstitial ornament, in the ‘Geological Magazine,’ 1890, pl. xii., fig. 9, 
and 1891, p. 50. 

2. In his Mémoire sur la Faune du Grés Armoricain (‘ Annales 
Soc. Géol. du Nord,’ vol. xix., 1891) Dr. C. Barrois, after noting (pp. 
147 and 149) that the little fossil, quoted by MM. de Tromelin and 
Lebesconte as Cytheropsis subtestis (‘Report Assoc. Frang. Congrés de 
Nantes,’ 1875 [1876], p. 23) is a Primitia, near P. debilis, Barrande, 
proceeds to treat of Myocaris lutraria at pp. 220 and 221, pl. v., fig. 4; 
and describes a small caudal spine, probably of a Ceratiocaris, p. 221, 
pl. v., fig. 3; also an abdominal segment and caudal appendages (style 
and stylets) of a new Ceratiocarid, namely, ‘ T'rigonocarys’ [ Trigonocaris | 
Lebescontei, nov. gen. et sp., pp. 222-226, pl. v., figs. 5 and 6; all from 
Guichen. 

3. Description of Fossils from the Palsozoic Rocks of Ohio, by 
R. P. Whitfield (‘ Annals New-York Acad. Science,’ vol. v., December 
1890) :— 

Page 562. Pryitopopa, p. 563, Echinocaris, Whitfield (‘ Amer. 
Journ. Sci.,’ 1880). 

At pp. 564-5 seven groups of Ceratiocaride are defined, according to 
their segments, &c. 

Page 565. Echinocaris sublevis, Whitfield, 1880, pl. xii., figs. 12-14. 

Page 567. EH. pustulosa, Whitfield, 1880, pl. xii., fig. 13. 

Page 568. EH. multinodosa, Whitfield, 1880, pl. xii., fig. 16. 

From the Erie shales of Ohio (=Portage and Chemung groups of 
New York State). See ‘Amer. Journ. Sci.,’ 3rd ser., vol. xix., p. 36, &c., 
1880. 

At p. 572. Aristozoe canadensis, Whitfield, 1880, pl. xii., figs. 17 and 
18, from the Trenton formation in the Ottawa basin of Canada. Locality 
unknown. Introduced for comparison. 

See also ‘ Report British Association’ for 1885 [1886], p. 35. 

4. The illustrated description of Discinocaris Dusliana, by Professor 
O. Novak, in the ‘ Geological Magazine,’ 1892, p. 148. This is one of 
three specimens found by Herr Dusl in the strata of the ‘ Colonie 
Haidinger,’ Bohemia, and referred to by Mr. J. E. Marr, F.R.S., in the 
* Quart. Journ. Geol. Soc.,’ vol. xxxvi., 1880, p. 617. 

5. The fauna of the Lower Cambrian, or Olenellus Zone, by Charles 
D. Walcott (‘Tenth Annual Report of the U.S. Geological Survey,’ 
1891 ?); Protocaris Marshi, Walcott, p. 629, pl. Ixxxi., fig. 6 (‘ Bull. U.S. 
Geol. Surv.,’ No. 30, 1886, p. 148, pl. xv., tig. 1) :—an obscure subquadrate 
test (?), with a many-segmented body and a furcate caudal appendage 
(see our Seventh Report for 1889 [1890], p. 64). 


_ Sa . 
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Report of the Committee, consisting of Dr. H. Woopwarp, Mr. 
G. R. Vine (Secretary), Professor 1’. Rurert Jones, and Dr. H. C. 
Sorsy, appointed for the completion of a report on the Creta- 
ceows Polyzoa. (Drawn up by the Secretary.) 


I. Uprer-Creraceous Potyzoa (BritTIsH AREA ONLY). 


In a previous report on Cretaceous Polyzoa! I dealt with the strati- 
graphical distribution of the fossils which had been found in the lower 
beds of the Upper Cretaceous scries, and in the Neocomian beds below. 
Last year (1891), at the Cardiff Meeting of the British Association, I 
contributed a paper on the Polyzoa of the Zones of the Upper Chalk,? in 
which I referred to certain peculiarities of some of the Polyzoan fauna 
derived from the British Senonian rocks, which had been noticed in 
the course of my investigations. These peculiarities seemed to merit 
something more than a passing remark, and I partly expressed an opinion 
that, in all probability, if the different zones of the Chalk were carefully 
worked, and the Polyzoan fauna studied, much light might be thrown 
upon the zonal distribution of Polyzoa in Cretaceous rocks, both British 
and Continental. In the present report I have endeavoured to carry out 
my original design, and I believe I have now catalogued all the British 
species which have been recorded up to date. . Had it not been for the 
willing help of personal friends, this would have been impossible. To 
Mr. Gamble, of New Brompton, Kent, I tender my most sincere thanks 
for placing before me his fine collection of Chatham Polyzoa, and for the 
free gift of fragments derived from the Chalk and from the ‘ Flint-meal,’ 
which have proved to be of the highest value in the compilation of this 
report. By means of this help the Chatham Chalk has been worked so 
thoroughly that this section of my labours must be regarded as the type 
of all the others that will follow. 

In the report already referred to I drew attention to the fact that in 
Mr. Etheridge’s lists of genera (with specific indications), published in the 
second volume of Professor Phillips’ ‘ Manual of Geology,’ 3 only sixty-one 
British species are recorded as derived from the whole of the Upper 
Cretaceous rocks. This is sixteen more than were given by Professor 
Morris in the ‘ Catalogue of British Fossils’ (ed. 1854). In Table VIIL., 
p. 333, vol. ii. of Professor Prestwich’s ‘ Geology,’ 1888, the ‘ Polyzoans” 
from the Chalk, Upper Greensand, and Gault are tabulated as ‘ 80,’ or 
about the same ‘ specific ’ proportion as given by Mr. Etheridge, ‘59 genera 
and 114 species,’ if we leave out the 34 species found in the Neocomian 
rocks. This, then, as there have not been any additions to the Cretaceous 
Polyzoan fauna subseqaent to those dates, must be taken as the status of 
our knowledge since the issue of the admirable ‘Catalogue of British 
Fossils ’ by Professor Morris in 1854. 

Of public collections of Upper-Chalk Polyzoa I am acquainted with a 
few only. The fine series in the British Museum (Natural History) I have 
recently examined, but it is now undergoing rearrangement. The series 


‘ British Association Report on ‘Cretaceous Polyzoa,’ 1890. 
? British Association Reports, 1891, p. 656. 
3 Ed. 1885, pp. 589-90. 
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contains Lonsdale’s types, besides which there are selections from tho 
cabinets of Mr. Woodward (Norfolk Polyzoa), Dr. Bowerbank, and 
others. There is also a good collection in the Museum of Practical 
Geology, Jermyn Street, derived from several British localities. 

In the ‘ Paléontologie Francaise : Terrains Crétacés,’ vol. v., 1850-52, 
d@Orbigny gives the sum-totai of the Senonian Bryozoa of France as 
follows (p. 1082) :— 


Bryozoaires Centrifugines (Cyclostomata ?), genera 115; species 300. 
* Cellulines (Cheilostomata ?), genera 54; species 547. 

In Dr. Friedrich von Hagenow's ‘Die Bryozoen der Maestrichter 
Kreidebildung,’ published in 1851, about 180 species are described and illus- 
trated as derived from the Maestricht Chalk. In this work Dr. Hagenow 
re-describes the whole of Dr. Goldfuss’ Cretaceous Bryozoa, and breaks 
up the limited classification of the group as given in ‘Petrifacten,’ and 
redistributes the restricted genera adopted by Goldfuss in that work. 

Previous to the publication of these two leading palzontological works, 
which deal with the Bryozoa in detail, there were others of less note, but 
all the Cretaceous species which had been described or catalogaed before 
1850 and 1852 are fully recorded by d’Orbigny in the introductory notes 
which preface the specific descriptions in vol. v. of the ‘ Paléontologie 
Francaise.’ 

In 1886 Dr. Ed. Pergens and A. Meunier published their joint paper, 
‘La Faune des Bryozoaires Garumniens de Faxe,’ ! in which nearly 60 
species of Bryozoa are recorded from this horizon, and eight of these are 
either new species or new varieties. Some years since Professor J. Judd 
made me a present of a large block of the Faxoe Limestone which he 
brought with him from Denmark, and by carefully breaking up the mass 
and then washing the finer débris I was able to pick out a quantity of 
these delicate fossils. I have therefore been able to verify most of the 
forms described by the authors, and I find that at least five or six 
other species, not given by Dr. Pergens, may he added to the Faxoe list. 

This little monograph, then, is extremely valuable to the student of 
Upper-Cretaceous Polyzoa on account of the very wide range, from 
Neocomian to Recent, which the authors assign to the species indicated 
by them. No doubt the range of variation in many of our so-called 
species is only partially considered ; hence the desire on the part of some 
of our Continental paleontologists to reduce to mere synonymy a large 
number of the generic and specific names of authors, and of d’Orbigny in 
particular. Whether palontological research will be retarded or helped 
by the wholesale destruction of specific names, remains to be seen. On 
the other hand, the tendency of certain authors to increase the difficulties 
of the student by the introduction of new generic terms whenever slight 
variations of the Polyzoan zoarium present themselves is much to be de- 

lored. 

In 1887 Dr. Th. Marsson’s valuable monograph was published, ‘ Die 
Bryozoen der Weissen Schreibkreide der Insel Riigen,’ * and this work 
adds considerably to our knowledge of Upper-Cretaceous Polyzoan forms. 
In his descriptive text the author not only creates new divisional and 
new family names, but many new genera and species besides. It is very 


1 Ann. de la Soc. Royale Malacol. de Belgique, tome xxi. 
2 Druck und Verlag von Georg Reimer, Berlin, 1887. 
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evident that Dr. Marsson’s attention has been, to a large extent, concen- 
trated upon the Polyzoa of this Cretaceous horizon more particularly. 
This, however, I look upon as an advantage, because we have in this 
work a monograph, which is well illustrated, of the Riigen Bryozoa, and 
Dr. Marsson says that examples of the whole of the species described 
by him are in his own cabinet.! 

There is still another paper which must not be passed over in silence. 
In 1889 Dr. Pergens published the first part of his ‘Revision des Bryo- 
zoaires du Crétacé, figurés par d’Orbigny.’? In this work Dr. Pergens 
accepts to some extent the divisions of Dr. Marsson, but the revision is 
chiefly valuable to the student of Cretaceous Polyzoa on account of the 
masterly way in which the author has dealt with the specific creations of 
d’Orbigny, and that, too, with d’Orbigny’s examples before him, the whole 
of which are now preserved in the Paris Museum. 


II. CuassiFIcaAtIoN or Cretaceous Potyzoa. 


In the preceding pages I have given, as far as I was able, the status 
of our present knowledge of British Upper-Cretaceous Polyzoa. It is 
very evident, judging by the identifications of the several authors whose 
authorities are quoted in the following lists, that the ‘ Paleontology of 
France,’ vol. v., is to a large extent the real source of their information 
on Cretaceous Polyzoa generally. Long before d’Orbigny favoured us 
with the productions of his facile pen, Dr. Mantell (‘ Medals of Creation,’ 
1844) and Mr. W. Lonsdale gave some fairly faithful delineations of 
British Polyzoa (Dixon’s ‘ Geology of Sussex,’ 1850). 

The classification originally formulated by d’Orbigny was so framed 
as to include recent as well as fossil species, but it is evident, judgin 
from the later work of the author, that d’Orbigny himself felt that this 
task was a difficult one. Nevertheless, we owe to this effort on his part 
the very full and valuable synopses and lists which have already been 
referred to. It is impossible, therefore, to accept the classification of 
d@’Orbigny as a classification ; but if we cast about for one less elaborate, I 
am not sure that we shall meet with any that may be considered entirely 
faultless. The classifications of Mr. Hincks or Mr. Busk, modified by the 
researches and descriptions of Mr. A. W. Waters, must, for the present at 
least, serve the purposes of this report. Further on I have given my 
reasons for adopting some of the generic and specific names of d’Orbigny 
in preference to the more modern ones when arranging the Cheilostomata. 
In the arrangement of the Cyclostomata I have followed, though not 
slayishly, the generic and specific distinctions of Dr. Pergens, which were 
tabulated on pp. 279, 280 of my former report, 1890. 


III. Tot Cuarsam CHALK AND ITs Potyzoan Fauna. 


Professor Prestwich (‘ Geology,’ vol. ii., p. 297), with characteristic 
brevity, refers to the zonal divisions of the Chalk ‘which have of late 
years been worked out in considerable detail, and are found to coincide 
very closely with those previously established for the Chalk of the north 


1 Since this was written I have heard of Dr. Marsson’s death. Probably the 
Polyzoa collected by him will be preserved in one of the German museums. 
2 Bull. de la Soc. Belge de Géol. et Paléontologie, tome iv. 
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of France. Between the Isle of Thanet and Folkestone the Chalk, accord- 
ing to Whitaker, Hébert, Price, and others, is divisible into several 
groups and zones.’ Very few of the sections, however, given by Professor 
Prestwich contain the whole of the beds found in British Senonian rocks. 
In the neighbourhood of Salisbury, according to Mr. H. Westlake,! we 
have something like a typical succession ; consequently I shall take this 
as a preface to other zonal sections which will follow, and indicate the 
differences by the letters A, B, C, D, H, (F). 


A. Zone of Belemnitella mucronata. Thickness about 100 feet. 

B. * a quadrata. soe. wh OOM 

C. »,  Marsupites testudinarius, and Holaster pilula. Thickness 

about 150 feet. 

D. Zone of Micraster cor-anguinum. Thickness about 100 feet. 

EK. »  cor-testudinariun. a “ D0" 4 

(i) Base (Turonian ?) zone of Holaster planus. Thickness about 15 

feet. 


In East Kent the zonal succession of the Upper Chalk is as follows :— 


D. Chalk with flints. Zone Micraster cor-anguinum, Margate. 

EK, .; x 35 3 cor-testudinarium, Ramsgate, 
Broadstairs. 

(F.) Chalk with flints. Zone Holaster planus, St. Margaret. 


In the Isle of Wight, according to Dr. Ch. Barrois, there is a very 
large development of Chalk of one particular zone (D). 


A. White Chalk. Zone Belemnitella mucronata, 265 feet, 
D. 


a 5 »  Micraster cor-anguinum, 525 feet. 
: 5 - 3 = cor-testudinarium, 165 feet. 
CED 55 = »  Holaster planus, 65 feet. 


In Surrey, according to Mr. Caleb Evans (Prestwich, ‘ Geology,’ vol. 
li., p. 297), the section of the line from Croydon through the North 
Downs shows the following succession in about the thickness of 250 
feet :— 


D. Zone of Micraster cor-anguinum, Purley beds. 
E. b cor-testudinarium, Riddlesdown beds. 
CB Diergy Holaster planus, Kenley beds. 


In Buckinghamshire and Cambridgeshire (Prestwich, p. 298) only 
the base of the Upper Chalk is given, and characterised as 


(F.) Zone of Micraster cor-bovis. Chalk with flints. 
The zone of Holaster planus is regarded as the topmost division 
of the Middle Chalk. 


The subdivisions of the Chalk in Yorkshire, according to Professor 
Phillips and Mr. Blake (Prestwich, p. 298), are as follows. The thickness 
of the strata characterised is about 500 feet. . 


1 «Outlines of the Geology of Fordingbridge, &c.,’ Mitchell's Fordingbridge Alma- 
nack and Directory, 1889, separate copy, p. 7. 
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A. Zone of Belemnitella mucronata, &c. Chalk without flints. 
D. » Micraster cor-anguinum, &e. Chalk with flints. 


By way of contrast, it will be only necessary for me to quote two of 
the many palontological divisions of the Continental Chalk on account 
of the correlation of these with our own British sections. In north-western 
France the zonal divisions are, to a large extent, based on the strati- 
graphical divisions of d’Orbigny, and are as follows: 1, Danian; and 
2, Senonian :— 

1. Danian. 


Zone of Nautilus Danicus. 


2. Senonian. 


A. Zone of Belemnitelia mucronata (Chalk with flints), Meudon. 

B. my s quadrata (Chalk with flints), Epernay. 

D. 5,  Alicraster cor-anguinum, Chalk cliff east of Dieppe. 

i. ” 5 cor-testudinarium, Chalk cliff west of Dieppe. 

(F.) Here, again, the zone of Holaster planus forms the top bed of the 
Turonian series. 


* Tn all probability the Upper Chalk found in the neighbourhood of 
Chatham may be placed in the zones marked D and E in the above sec- 
tional divisions. Chatham is superficially separated from the Margate 
and Ramsgate outcrop by the supervening London Clay, but the Upper 
Chalk must have been continuous from the Essex outcrop to Gravesend, 
Chatham, and the Isle of Thanet; also from Sussex to Dieppe. 

It is impossible for me, of my own knowledge, to give any information 
respecting the geology of Chatham and its vicinity. When the Polyzoa, 
which will be elaborately dealt with presently, were sent to me by Mr. 
Gamble, I asked him particularly to give some account of the zones in 
which the more characteristic forms were found. In reply to this request 
I received sketches of the several pits in which the Polyzoan material was 
most abundant. [Since this was written I have spent three days with 
Mr. Gamble—purposely in the interest of this report—to see for myself 
the evidences on which the following remarks are based. I have seen 
the various sections; collected material—especially the ‘ Flint-meal’ re- 
ferred to further on; and, moreover, I have carefully examined Mr. 
Gamble’s private collection of Polyzoa, containing duplicates of nearly 
all the forms sent to me from time to time.] 

Some of the adherent species of Polyzoa, such as Stomatopora, Pro- 
boscina, and Diastopora, were found encrusting many fossils; such as 
Micraster cor-anguinum, Echinocorys, and other echinoderms; but the 
most abundant of the forms described were found in the ‘ Flint-meal,’ 
which was derived from the hollows of flints. To the protective 
agency of this meal we owe the preservation of the more delicate branch- 
ing Polyzoa, together with a varied assortment of the spicula of sponges, 
Foraminifera, Kntomostraca, and other minute organisms.' 


* 1 Speaking of the cavity and the so-called ‘meal’ found in the now celebrated 
Horstead Flint, Dr. G. Jennings Hinde suggestively remarks :—‘ The cavity appeared 
to have been completely inclosed by the flint, which had thus hermetically sealed up 
in its interior and preserved unharmed from mechanical injury a small portion of 
iets os the Cretaceous ocean.’—Fossil Sponge Spicules, &c., p. 4. Munich, 1880. 

. J. Hinde. 
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Mr. Gamble obtained Polyzoa from several of the pits opened in the 
Chatham district, but these were generally found in very restricted 
horizons. I have sectional sketches of five of these pits, all of which I 
have since visited, and in one (see annexed sketch) the strata appear to be 
horizontal, being cut along the strike. Very high up or towards the top the 
stratum is marked by two iron-stained bands. Just below the highest 


Section showing Polyzoa Zone, Chatham Chath. 
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Section A, on the south side of Chatham, about 70 feet high. 1. Upper iron-stained band 
referred to in the text. 2. Lower iron-stained band. 3. Polyzoa zone. In this section 
very few of the dendroid species were found. 4. A bed of Ananchytes and Spatangus 
completely invested by Serpula, Membranipora, Proboscina, and Stomatopora, &e. 5. 


Showing the horizontal bedding. At * many good Ventriculites were found in the zone - 


indicated. 6. Showing dip north-west. (Contributed, with information and examples of 
the species indicated, by Mr. Gamble.) 


band the Polyzoa zone begins, but the life-climax—if I may be allowed 
the term—is reached just above and just below the lowest band. In the 
section now under description this position is indicated by the figure 4, 
which, Mr, Gamble says, consists of a bed of Ananchytes and Spatangus 
completely invested by Membranipore, Serpule, and adherent forms of 
Cyclostomata, such as Stomatopora, Proboscina, Diastopora, and other 
forms. When searching in other pits for Polyzoa, it was found that the 


se 
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presence of these two iron-stained bands was indicative of the position 


es 


where the Polyzoan fauna might be found; but in some of the pits the 
bands were either too high or too low, or, in other words, this zonal 
division was not a marked feature in the rocks exposed, and the yield of 
forms consequently suffered. Nearly the whole of the Polyzoa sent to me 


_ were derived from one particular pit, but similar forms, though not so 


abundant, are found in other pits whenever the sectional or zonal lines 
indicated above were exposed. After passing a little section which yielded 
a few Polyzoan fragments, the Luton valley widens, the escarpment is 
not so deep, and the Polyzoa zone is lost under the bed of the valley, 
where it is not possible to meet it again except by boring. Mr. Gamble 
says it must not be supposed that the Polyzoa are wholly confined to the 
zone which is bracketed in the sketch. Polyzoa will be, and have been, 
found both above and below the iron-stained bands; but the greater 


- number are really found in the division or zone indicated.! 


i eee 


IV. CavraLoGuE OF POLYZOA FOUND IN THE CHATHAM CHALK. 


(With full references to d’Orbigny and others). 


Sub-order CycLosromata. 


1825. Genus Sromaropora (Uniserial), Bronn, d’Orb., ‘ Terr. 
Crét.,’ p. 833. 
1. Stomatopora Dixoni, sp. n. (=Alecto gracilis, Lonsd., ‘Foss. 
Sussex,’ p. 269, pl. 18a, figs. 1-1c). 


This is not the Alecto gracilis of either Edwards or Bronn (see d’Orb., 
‘Terr. Crét.,’ p. 843, pl. 758, figs. 17,18) ; but, as the form is abundant in 
the Chatham Chalk, I have thought it best to rename Lonsdale’s species. 


2. Stomatopora ramea, Blainy. (‘ Terr. Crét.,’ p. 842, pl. 630, fig. 12, 
non Synonyms of d’Orb.). 


3. 5 granulata, Hdw., var. gigantea, Perg., ‘ Revis. des 
Bryoz.,’ p. 330. 
4. +5 gracilis, Edw., ‘Ann. des Sc. Nat.,’ 9, p. 207 (see 


d’Orb., ‘Terr. Crét.,’ p. 843). 


1826. Genus Prozoscina, Audouin (d’Orb., ‘Terr. Crét.,’ p. 844). 
5. Proboscina cornucopiz, d’Orb., ‘Terr. Crét.,’ p. 855, pl. 634, 


figs. 7-9. 
6. + cornucopiz, var. eximia, var. n. (near P. echinorwm, 
d’Orb.), only more delicate (see pl. 633, fig. 12). 
> elevata, d’Orb. var. (allied to Reptotubigera id., 


d’Orb,, U. c., p. 755, pl. 760, figs. 1-3). 


8. ro Wetherelli, Morris (=Diastopora, Lonsd., ‘ Foss. Sus.,’ 
pl. 18a, fig. 3). 
9. cs ramosa, Michelin, Diastopora, Lonsd., ‘ Foss. Sus.,’ pl. 


183, figs. 1-16. 


1 Since this was written I have collected material from other pits for the purpose 
of comparison, and I can verify Mr. Gamble’s remarks. hed 
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1852. Genus Reprorupicera, d’Orb., ‘ Terr. Crét.,’ p. 751. 
10. Reptotubigera ramosa, d’Orb., U. c., p. 754, pl. 751, fig. 2. 


ikl a at Pvar. (a) irregularis, nov. 
12. i » var. (b) disciformis, nov. 
13. elegans, sp. n. f 


1816. Genus Topunivora (pars), Lamarck. See Hincks’ ‘Brit. Mar. 
Polyz.,’ 1880, p. 442, non Reptotubigera, d’Orb., which is one of 
Mr. Hincks’ Synonyms. 


14. Tubulipora Chathamensis, sp. n. 
15. “ .s var. ornata, var. n. 


1821. Genus Diasropora, Lamouroux (Berenicea, d’Orb.). 


16. Diastopora papillosa, Reuss. (Perg., ‘Revis. des Bryoz.,’ p. 334, 
pl. xi., fig. 6, non fig. 9). 


ie 3 papillosa, forma echinata (Berenicea), d’Orb., ‘Terr. 
Crét.,’ l. c., p. 868, pl. 641, figs. 1, 2. 

18. af grandis, d’Orb. (Bereniceu, id., d’Orb.), l.c., p. 866, pl. 
639, figs. 4, 5. 

19. 3 congesta, d’Orb., pl. 640, fig. 2 only (=D. papillosa, 
(?), Perg., 1. c., ante). 

20. - littoralis, d’Orb., 1. ¢., p. 867, pl. 640, figs. 7, 8. 


1821. Genus Ipmonea, Lamx. =Crisina (pars), d’Orb., ‘Terr. Crét.,’ 
l. ¢., p. 728; Pergens, ‘ Revis. des Bryoz. du Crét.,’ p. 342. 


21. Idmonea unipora, d’Orb., ‘Terr. Crét.,’ p. 737, pl. 613, figs. 1-10; 
Perg., ‘ Revis.,’ p. 342. 


22. A subgracilis, d’Orb., ‘Terr. Crét.,’ p. 738, pl. 614, figs. 
6-10; Perg., ‘ Revis.,’ p. 345. 

23. 4, francorum, Pergens, ‘ Revis. des Bryoz.,’ p. 343, pl. xiii., 
fig. 1. 

24, “ pseudodisticha P var. (a), var. (b). See Perg., ‘ Revis.,’ 
p. 348. 

25. 5 dorsata, Hag., ‘ Bryoz. Maestr. Kreideb.,’ p. 30, pl. 2, 
fig. 10 


26. As cypris ? d’Orb. (or variety), ‘Terr. Crét.,’ p. 741, pl. 
749, figs. 7-10; Perg., ‘ Revis.,’ p. 349. 

27. + carantina, d’Orb., ‘Terr. Crét.,’ p. 734, pl. 748, figs. 1-5; 
Perg., ‘ Revis.,’ p. 346. 


1847. Genus Reticuiiror, d’Orb., ‘ Terr. Crét.,’ 1. c., p. 903 ; 
Pergens, ‘ Revis.,’ p. 354. 
28. Reticulipora papyracea, d’Orb., l. c., p. 907, pl. 611, figs. 1-5 ; 
pl. 768, figs. 3-10. 
29. Pe obliqua, d’Orb., l. c., p. 906, pl. 610, figs. 1-6; pl. 
768, figs. 1, 2. 


I have seen an example of this species in Mr. Gamble’s collection 
completely silicified. (Pseudomorph in flint.) 
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30. Reticulipora complanata, Marsson, ‘Bryoz. Weiss. Schreibkr. 
Riigen,’ p. 36, pl. 3, fig. 10. 


1821. Genus Enratornora, Lamouroux (see Perg., ‘ Revis. des 
Bryoz ,’ p. 358). 


In Dr. Pergens’ history and characteristics of this genus will be 
found many details which may be valuable to the general student of 
recent Polyzoa, as well as the fossil forms found in the Cretaceous rocks ; 
but I question the value of the reduction of the ten species given b 
d’Orbigny to mere synonyms of Pustulopora proboscidea, Hdwards (1838), 
(Perg., ‘ Revis. des Bryoz.,’ p. 859). I cannot, however, wholly reject 
the evidence brought forward by Dr. Pergens, who has liberally supplied 


‘me—for comparison—with many beautiful examples of P. proboscidea 


(Kdw.), dredged from 60 fathoms off Capri, Bay of Naples; also examples 
from the Faxoe Limestone, Denmark, which were fully described in their 
joint paper (Pergens and A. Meunier), ‘la Faune des Bryozoaires 
Garumniens de Faxe,’ ‘Ann. de la Soc. Royaie Malacol. de Belgique,’ tom. 
xxi., 1886, p. 202). Ishall, therefore, indicate by the word ‘forma’ the 
abundant variety found in the Chalk of Chatham, at the same time giving 
the original references to the figures given by d’Orbigny in the ‘ Atlas.’ 


31. Entalophora proboscidea typica, Edwards (1838) = Pustulopora, 
id. (Perg., ‘de Faxe,’ pl. x. fig. 1). 


32. % ? forma raripora, d’Orb., pl. 621, figs. 
1-3. 

33. co x ? forma Iconensis, d’Orb., pl. 616, figs. 
12-14. 

34. = is P forma filiformis, d’Orb., pl. 622, figs. 
1-4. 

35. i i ? forma linearis, d’Orb., pl. 622, figs. 
5-7. 

36. ye 4 P var. rustica, Hagenow, Perg., ‘ Revis. 
des Bryoz.,’ p. 360. 

37. = geminata, Hag., ‘Bryoz. der Maestr. Kreideb.,’ p. 

20Ppl. is fig. 10: 
38. . clava, d’Orb., ‘ Terr. Crét.,’ pl. 620, figs. 4-5 only. 
39. « 5 madreporacea, Goldf., forma inconstans, d’Orb., 


‘Terr. Crét.,’ p. 786, pl. 754, figs. 15-17; Perg., 
‘ Reyvis.,’ p. 361. 


1887. Genus Cuinorors, Marsson, ‘Bryoz. Weiss. Schreibkr. 
Rigen,’ p. 24. 


40. Clinopora costulata, Mars., 1. c., p. 24, pl. ii, fig. 2. 
41, i lineata, Beissel. (Marsson, l. c., p. 24, pl. ii., fig. 2, for 
references.) 


1821. Genus Sprrorora, Lamonroux (see Pergens, ‘ Revis. des 
Bryoz.,’ p. 363). 


Pergens in his revision of d’Orbigny’s labours re-establishes this genus. 
See his remarks on the well-known species S. verticillata, Goldfuss, 1. c., 
pp. 363-365. 
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42. Spiropora verticillata (?), Goldf. = Idmonea Comptoniana (?), 
Mantell’s ‘ Medals,’ vol. i., p. 284, woodcut 64, fig. 14. 


I am rather doubtful about the forms in the Chalk of Chatham. The 
fragments, however, are closely allied to this species. 


43, Spiropora macropora, d’Orb.=Laterotubigera, id., d’Orb., ‘Terr. 
Crét.,’ p. 718, pl. 754, figs. 5-7. 

44, 3 micropora, d’Orb. =Laterotubigera, id., d’Orb., l. c., p. 
719, pl. 754, figs. 12-14. 

45, y Cenomana, d’Orb. (?), l.c., p. 715, pl. 618, figs. 11-15. 


1847. Genus Biprastopora, d’Orb., ‘ Terr. Crét.,’ p. 798; 
Perg., ‘ Revis.,’ p. 367. 


46. Bidiastopora Marie, d’Orb., 1. ¢., p. 804, pl. 755, figs. 13-15. 
47. Pe lamellosa (?), d’Orb. (Hea), l. c., p. 632. 


1852. Genus Suncocava, d’Orb,, ‘ Terr. Crét.,’ p. 1020. 
48. Sulcocava sulcata? d’Orb., 1. c., p. 1020, pl. 789, figs. 1-8. 


1850. Genus Prranopora, Lonsdale, Dixon's ‘ Geol. Sussex,’ p. 285. 


[Zoarium} ‘Tubular, free except at the base; framework [zowcia] 
composed of vertical lamine, with an intermediate, foraminated structure ; 
apertures to the visceral or tubular cavities distributed over the whole 
surface...’ ‘Geol. Sus.,’ p. 285,=Cavea (pars), d’Orb., 1852, ‘Terr. 
Crét.,’ p. 941. 


49. Petalopora pulchella (Rémer), Lonsd., ‘Geol. Sus.,’ p. 285, pl. 
18a, figs. 7, 7a, &c. 


Under the name Heteropora costata, d’Orb., Dr. Pergens places several 
of the Cavea species of d’Orbigny. As I cannot wholly accept this divi- 
sion, I give Lonsdale’s genus jn preference, especially so as neither 
d’Orbigny nor Dr. Pergens seems to recognise the prior claim of Lonsdale: 
Petalopora, Lonsdale, 1850; Cavea, d’Orbigny, 1852.1 In the Chatham 
Chalk I recognise several fragments of a species similar to the above, 
so we may regard the synonymy of Dr. Pergens as near the truth; 
thus Cavew costata, d’Orb.= Petalopora pulchella (?), may be regarded 
as a synonym of Lonsdale’s species. One difficulty, however, presents 
itself. Cave costata, d’Orb., 1852, is regarded by the author as the same 
as Entalophora costata, d’Orb., 1850, ‘Terr. Crét.,’ p. 944, pl. 621, 
figs. 19, 22. Probably d’Orbigny is correct in his later identification ; 
but, if so, there is no clear evidence of the characters—so fully described 
by Lonsdale—in his figures. I therefore think that Lonsdale’s name 
should stand, and that the following forms, characterised by d’Orbigny, 
be regarded as synonyms. I have given the names of those species only 
which I have been able to identify from fragments found in the Chatham 
Chalk. For the sake of uniformity I have given all the synonyms sepa- 
rate numbers, as other workers on the Cretaceous Polyzoa may not be 
inclined to accept my decision on this point :— 


* See Dr. Pergens, Levis. des Bryoz., pp. 369-372. 


a 
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50. Petalopora pulchella, forma Clavicavea regularis ? 1852, d’Orb., 
‘Terr. Crét.,’ p. 941, pl. 773, figs. 


12, 13. 

51. 5 * e Cavea regularis, 1852, d’Orb., 1. c., 
p. 943, pl. 774, figs. 1, 2. 

52. PA 5 5 »  costata, d’Orb., J. c., p. 944, pl. 
774, fig. 4 (non pl. 601, figs. 
19-22). 

53. 3 Ss e »»  appendiculata, d’Orb., . c., p. 
044, pl. 774, fig. 5. 

54, Bs BS », flexuosa, d’Orb., J. c., p. 947, 


pl. 774, figs. 9-12. 


The other forms indicated by d’Orbigny I have not distinguished in 


the Chatham material. 


1834. Genus Hrreroprora, Blainville.' 


This genus, as characterised by Dr. Pergens, includes species belong- 


ing to the following genera of d’Orbigny :—Claviclausa, Clausa, Uavea, 
Clavicavea, Sparsicavea, Multicrescis, Zonopora, Multizonopora, and typical 
Heteropora. The characters of the species found in the Chatham Chalk 
are so diverse that I feel compelled to make a slight departure from the 
classification of Dr. Pergens in the special arrangement of this peculiar 
group of Polyzoa :— 


Hureropora, Pergens = Clausa, d’Orbigny, ‘Terr. Crét.,’ p. 893. 
55. Heteropora obliqua, d’Orb., ‘Terr. Crét.,’ p. 895, pl. 623, figs. 


had 


56. Be irregularis, d’Orb., 1. c., p. 897, pl. 624, figs. 9-12; 
pl. 766, figs. 10-12. 
57. + Franeqana, d’Orb., l. c., p. 898, pl. 766, figs. 18-15 


(mentioned as being bad in the Paris collection ; but 
the examples are very fine in my Chatham collec- 
tion). 

Herrropora, Pergens = Sparsicavea, d’Orb., ‘Terr. Crét.,’ p. 948. 


58. Heteropora Carantina, d’Orb. (Perg., ‘ Rev. des Bryoz.,’ p. 372), 
‘Terr. Crét.,’ p. 950, pl. 775, figs. 1-3. 


59. “ Franeqana, d’Orb., l. c., p. 951, pl. 775, figs. 4, 6 
(figures bad). 

60. bs ligeriensis (= Multizonopora, d’Orb.), 1. ¢., p. 927, 
pl. 772, figs. 46. 

61. x variabilis ? (Multicrescis), d’Orb , 1. c., p. 1077, pl, 800, 
figs. 3-7. 


1887. Genus CavARINELLA, Marsson. 


62. Cayarinella ramosa (?)=Cavaria ramosa, Hagenow. 


This species appears to be rare in the Chatham Chalk. I have only 


one very poor example, which I place here for the present. 


1 See Dr. Pergens, Revis. des Bryoz., p. 369. 
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1852. Genus BitusicEra, d’Orb. (= Idmonea (pars), Philippi). 
‘Terr. Crét.,’ p. 748. 


This genus was founded by d’Orbigny for Idmonea sp., Philippi, 
derived from No. 26 stage, Falunien, for the location of Bitubigera 
(Zdmonec) biseriata, Phil. fal B44), No Cretaceous species is recorded by 
d’Orbigny. Marsson, ‘ Bryoz. Weiss. Schreibkr. Riigen,’ p. 31, adopts the 
genus for the inclusion of one species, B. compressa, Mars., pl. il., fig. 1. 
The species now recorded is different from either of the forms cited, but 
it is very rare in the Chatham Chalk. 


63. Bitubigera cribriformis, sp. n. 


The zocecia of this species are disposed, Idmonea-like, in two series 
obliquely over one-half the zoariam. The interspaces between the rows 
and the slightly rounded reverse are of a cribriform character. Judging 
from his figures, Marsson’s depicted characters are quite plain. 

I have seen a British example closely related to the above charac- 
terised as Idmonea gradata, but I have followed Marsson in the recognition 
of d’Orbigny’s genus. 


1850. Genus Desurrora, Lonsdale, Dixon’s ‘ Geol. Sussex,’ p. 281. 


64, Desmepora semicylindrica (= Idmonea semicylindrica, Romer), 
‘Geol. Sus.,’ p. 281, pl. 18a, fig. 6 


There are slight variations in the size of fascicule in young and old 
examples of this abundant’ species. Jdmonea senvicylindrica, Rom., 
d@’Orbigny regarded as a Truncatula (‘ Terr. Crét.,’ p. 1054). 

In Mr. Gamble’s collection of Chatham Polyzoa there is a very beau- 
tiful example of this species, silicified and nearly transparent, which 
shows the inter-zocecial and reverse reticulation and all the other cha- 
racters of the species in the most perfect manner. 


1852. Genus Semtcrris, d’Orb. (Oscul‘pora (pars), d’Orb., 1847), 
‘Terr. Crét.,’ p. 1048. 


65. Semicytis rugosa, d’Orb. = Osculipora rugosa, d’Orb., op. ¢., p. 
1049, pl. 795, figs. 1-7. 


D’Orbigny gives the following localities where this species has been dis- 
covered :—Fécamp (d’Orb.) ; Folkestone (d’Orb.) ; Carancy (Defrance) ; 
and I now add Chatham, where it is somewhat rare. 

66. Semicytis sp. (Francqana ?, ‘Terr. Crét.,’ p. 1052, pl. 794, fig. 14). 


Of this citation I am rather doubtful. I have only seen the basal 
part of a zoarium, which resembles the basal part of d’Orbigny’s figure. 


1850. Genus Home@osoren, Lonsd., Dixon’s ‘ Geol. Sussex,’ p. 307. 


It is very certain that some of the species characterised by d’Orbigny 
belong to the genus Homwosolen, as defined by Lonsdale. The three 
species of T'runcatula of Hagenow, 1. filex, T’. truncata, and T. repens, are 
relegated by Marsson (‘ Bryoz. Weiss. Schreib. Riigen,’ p. 37) to the genus 
Osculipora, d’Orbigny, under which name two of Hagenow’s species are 
placed by him, as O. truncata= Retepora truncata, Goldf., and O. repens 
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=Truncatula repens, Hag. <A third species of Osculipora (O. Royana, 
— d@’Orb., pl. 800 (bis), figs. 1-4) is recorded by d’Orbigny; but I have not 
seen the plate referred to, as it does not exist in my copy, and, so far as 
_ Jam aware, in no other copy known to me. Neither Osculipora, d’Orb., 
nor Truncatula, Hag., can in any sense be regarded as the same as 
Homeosolen, Lonsd. The date of Homeosolen, Lonsd., 1850, and Trun- 
| catula, Hag., 1851, is sufficient apology for the restoration of the geuus, 
. which was fully described by Lonsdale. As, however, d’Orbigny’s names 
are occasionally quoted by authors, I give full references to the Atlas 

of plates, for the purpose of showing the rich variety of forms belonging 

to this or allied species found in the Chatham Chalk :—-! 


67. Homeosolen ramulosus (Mantell), Lonsd., ‘Geol. Sussex,’ p. 307, 
pl. 18, fig. 3 (typica). 


68. _ 3 variety, pl. 188, figs. 4, 5. 

69. is ‘5 forma (Lruncatula) aculeata, d’Orb., 
pl. 796, figs. 1-5. 

70. Pe 4 forma (Truncatula) alternata, d’Orb., 
pl. 797, figs. 1-4. 

71. 7 si forma (Truncatula) carinata, d’Orb., 


pl. 797, figs. 7 and 12. 


One of the localities (British) given by d’Orbigny for 7. carinata is 
Folkestone (‘ Terr. Crét.,’ p. 1050). 


1851. Genus TruncatuLa, Hag., ‘ Bryoz. Maestricht. Kreid.,’ p. 34. 
The following are sufficiently distinct at Chatham to merit recogni- 


tion :— 
72. Truncatula subpinnata, d’Orb., ‘Terr. Crét.,’ p. 1055, pl. 796, 
figs. 6-9. 
(3. 3 tetragona, Mich. (= 7. gracilis, d’Orb., 1. c., p. 1056, 


pl. 796, figs. 10-14; 1. c., p. 1059, pl. 798, fig. 1). 


1821. Genus ApsenpEsiA, Lamx.? 


Under this genus Dr. Pergens places as synonyms the following 
genera :—Tadiofuscigera, Unitubigera, Radiotubigera, Discotubigera, Actino- 
_ -pora, and Multitubigera, all d’Orbigny’s. Species belonging to this 
genus are not abundant in the Chatham Chalk. 


1A. Apsendesia papyracea (Unitubigera), d’Orb., ‘ Terr. Crét.,’ p. 761, 
pl. 643, figs. 12, 14. 


70. - organizans (Lichenopora), id., d’Orb., pl. 646, figs. 9-13; 
Radiotubigera, l.c., p. 757. 
76. 3 regularis, d’Orb., 1. c., p. 763, pl. 763, figs. 7-9. 


1823. Genus Licnenorora, Defrance. 
e pp eEoDeS (Bicavea) urnula, d’Orb., J. c., p. 956, pl. 776, figs. 1, 2. 
? Sp. 
I have found fragments of other forms of Lichenopora, but not 
sufficiently distinct for identification. ' 


1 There is also in Mr. Gamble’s collection a pseudomorph in flint of Homeosolen 
ramulosus, Lonsd. 
: * See Dr. Pergens, Revis. des Bryoz., p. 381. 
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1852. Genus Semicra, d’Orb., ‘ Terr. Crét.,’ p. 1007. 
79. Semicea lamellosa, d’Orb., 1. c., p. 1008, pl. 787, figs. 17-20. 


1852. Genus Repromunricava, d’Orb. = Ceriopora (pars), Goldf. ; 
‘Terr. Crét.,’ p. 1032. 


80. Reptomulticava mamillata, d’Orb., 1. c., p. 1040, pl. 794, fig. 1. 
A young example. 

81. Reptomulticava mamilla, d’Orb., 7. c., p. 1041, pl. 793, figs. 3, 4. 
Examples of this species are very small. 


1826. Genus Crriopora, Goldfuss, ‘ Petrifacta.’ 


82. Ceriopora micropora ? Goldf., ‘ Petrif.,’ p. 33, pl. 10, fig. 4. 
83. ss (Semimulticava) (? tuberculata), d’Orb., pl. 648, fig. 4. 
84. a sp. (spongites?), Goldf., ‘ Petrifacta,’ p. 35, pl. 10, fig..14. 


Sub-order CHEILOSTOMATA. 


The classification of Cheilostomatous Polyzoa has undergone many 
changes during the last twelve years—or the period embraced since the 
publication of the first of my various reports on Fossil Polyzoa—and 
much really good work on the grouping has been done by specialists. It 
would be impossible in a brief notice like the present one to indicate the 
full meaning of these changes. By the old investigators zoarial and 
zocecial characters were studied consecutively, but the diagnosis of a 
species was more dependent on zoarial than on zocecial characters. In 
the Cretaceous Polyzoan fauna, as depicted by d’Orbigny in his really 
great work, we have, we must admit, a peculiar arrangement of group- 
ing, based on a variety of zoarial growths. Thus, one species having 
different habits or modes of attachment will have a variety of specific 
and even generic names. This cumbrous method of dealing with the 
Polyzoan fauna, however, when once mastered, is not such a difficult task 
as one at first sight would imagine, as the figures of the species help us 
to understand any doubtful reference or diagnosis in the text. It is not, 
however, the classification of the future; and, though I have to a large 
extent followed d’Orbigny in his estimate of species, I have done so after 
reference to the newer work and suggestions of later authors. Were 
this a monograph of Cretaceous Polyzoa such a proceeding would be 
justly regarded as an offence, or at the least as disrespectful to other 
workers ; but, as this is a report only on British Cretaceous Polyzoa, the 
course I have adopted may be ungrudgingly allowed, especially as full 
references are given to the text and atlas of d’Orbigny. 

In my last report! I quoted from Phillips’ ‘Manual of Geology’ (1885) 
Mr. Etheridge’s estimate of the Upper-Cretaccous Polyzoan fauna, which 
he put down at 61 species. In the present report from one horizon of 
the Upper Chalk alone I have catalogued 125 really good species and 
varieties ; and in all probability this may be considerably increased when 
all the Polyzoan fauna is as carefully examined as the Chatham Chalk 
has been by myself and Mr. Gamble. The general list, however, from all 
the zones of the Chalk, as given in the zonal divisions at the end of the 
report, has been nearly trebled. 


1 Brit. Assoc. Rep., 1890, p. 378. 
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1850. Genus Vincuari, d’Orb., ‘ Terr. Crét.? (Not Defrance.) 


This is by no means a satisfactory genus to deal with in the fossil 
state, or at least with those species which are found in the British Chalk. 
In a former report (1884'), on pp. 106-110, under the family term 
Cellarides, Hincks, I have already discussed the probable relationship of 
Vineularia species. In Mr. Waters’ various papers species of Vincularia 
are relegated to either Membranipora or Micropora; but I note that in 
Miss E, C. Jelly’s Synonymic Catalogue three of d’Orbigny’s recent 
species are retained under the genus Vincularia (p. 271). - In their joint 
paper (‘ Bryoz. de Faxe’*) Messrs. Pergens and Meunier retain the generic 
term Vincularia for species found in the débris of the Faxoe limestone of 
Denmark, and Dr. Marsson in his Riigen monograph also adopts this 
genus. In all probability in future classifications the genus will be 
disallowed, but no useful purpose would be served, so far as I can judge, 
in wholly suppressing the generic term in the present report on the 
Polyzoa found in the British Chalk. For the present, therefore, I retain 
the genus Vincularia for all those forms which are closely related to, 
or characteristically identical with, French ‘ Bryozoan’ forms as described 
in the text and figured in the atlas of d’Orbigny. 


85. Vincularia (Cellaria) cactiformis, d’Orb., ‘Terr. Crét.,’ p. 29, pl. 


651, figs. 1-4. 

86. Ae inequalis, d’Orb., J. c, p. 30, pl. 651, 
figs. 5-8. 

87. cretacea, d’Orb., J. c., p. 63, pl. 600, figs. 17-19. 

88. - recularis, d’Orb., J. c., p. 64, pl. 601, figs. 1-3. 

89. - undata, d’Orb., J. c., p. 75, pl. 656 (fig. 11 only). 

90. 53 Gaudryana, d’Orb., l. c., p. 193, pl. 682, figs. 1-3. 

91. bs areolata, Hag., ‘Bryoz. der Maest. Kreideb.,’ p. 60, 


pl. 6, fig. 12. 
1834. Genus Mumpranirora, Blainville (‘Terr. Crét.,’ p. 539). 


Generic character.— Zoartum encrusting or with an erect habit of 
growth. Zoacia irregularly disposed, occasionally in linear series. 
Margins raised, front depressed, wholly or in part membranous. 

’ Pp ’ MY p 


92. Membranipora granulosa, d’Orb. (Flustrellaria), ‘ Terr. Crét.,’ p. 
523, pl. 725, fig. 2. 


93. . confusa, d’Orb. (Flustrellaria), 7. c., p. 524, pl. 725, 
figs. 9-12. 

94, 5 irregularis ? d’Orb. (Flustrina), 1. c., p. 305, pl. 702, 
figs. 14-16. 

95. 4 marginata, d’Orb. (Semiflustrina), J. ¢., p. 579, 
pl. 733, figs. 5-8. 

96. i, monilifera, d’Orb. (Semiflustrina), 1. ¢., p. 577, 
pl. 732, figs. 6-9. 

of, 3 pulchella,d’Orb.,var. granulosa,new var. See ‘Terr. 


Crét.,’ pl. 701, figs. 7-9 (Flustrina). In all pro- 
bability d’Orbigny’s figures are drawn from a 
worn example of the species, whereas the British 
examples derived from the Chatham Chalk are 
beautifully granulated on the marginal walls, 


1 Fifth Report on Fossil Polyzoa. : 
2 Ann. de la Soc. Roy. Malacol. de Belgique, 1886, tome xxi. 
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98. Membranipora argus, d’Orb. (Biflustra), J. c., p. 253, pl. 689, 


figs. 1-4. 
99. = argus forma pulchella, d’Orb. (Biflustra), 1. ¢., 
p- 256, pl. 690, figs. 1-3. 
100. " pygmea? d’Orb. (Biflustra), 7. ¢., p. 252, pl. 688, 
figs. 16-18. 
101. <3 dispersa, Hag. (Marsson, ‘ Die Bryoz. der Weiss. 


Kreideb.,’ pl. v., fig. 8 
=Orisia Johnstoniana, Mantell’s ‘Medals,’ vol. i., 
p. 284, woodcut 64, fig. 3. 


1848. Genus Microrora, Gray 
=Membranipora, Busk (pars), ‘ Brit. Mus. Cat.’ 
Multescharalina, d’Orb. Semieschara, d’Orb., and 
Reptescharellina, d’Orb. (pars). See Miss Jelly’s ‘Synon. 
Catalogue Marine Bryozoa.’ 


Zoarium encrusting. Zowcia with prominent raised margins, front 
depressed, wholly calcareous. Orifices semicircular, or suborbicular, en- 
closed by a calcareous border. Hincks, ‘ Brit. Mar. Polyz.,’ p. 173. 


102. Micropora (Marginaria) Roemeri, Lonsd., ‘ Geol. Sussex,’ pl. 188, 


fig. 7, &e. 

103. s 2 Var. a, with short avicularia. 

104. . Var. b, with long avicularia. 

105. a: ? (Reptoporina ?) intricata, Lonsd., ‘Geol. Sus.,’ p. 
316, pl. 188, figs. 8 to 8b. 

=Escharina? micropora, d’Orb., ‘Terr. Crét.,’ pl. 605, 

figs. 5-7. 

106. 3 (Reptescharellina) oceana, d’Orb., ‘Terr. Crét.,’ pl. 605, 
figs. 14, 15. 


107. Mucronella P (Cellepora and Escharina) simplex, d’Orb., ‘Terr. 
Crét.,’ p. 407, pl. 605, figs. 10, 11. 


1848. Genus Crisritina, Gray. (Reptescharella, d’Orbigny.) 


Zoarium encrusting. Zowcia contiguous, having the front more or 
less occupied by transverse or radiating punctured furrows. Orifice semi- 
circular or sub-orbicular. (Hincks, ‘ Brit. Mar. Polyz.,’ p. 184.) 


108. Cribrilina fragilis, d’Orb. (Semiescharipora), ‘Terr. Crét.,’ pl. 717, 


fig. 9. 


The British examples are closely allied to the O. radiata, Moll.; and 
the C. fragilis, d’Orb., may be only one of the many synonyms of this 
world-wide species. 

109. Cribrilina linearis, sp. n. 


In habit the nearest apparent ally of this species is the Hippothoida 
brevis, Reuss, ‘ Der Bryoz. u. Foram. des unteren Planers,’ pl. 24, fig. 7, but 
Reuss’ figure does not show any cribriline features, and d’Orbigny does 
not give a figure of any linear examples of Cretaceous Reptescharella. 


110. Cribrilina nitidiformis, sp. n. 


This species is closely allied to the very variable Membraniporella 
nitida, Johnst. 


= 
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1840. Genus Meticertites, Roemer. 


Division C. Melicertitina, Pergens.! 

In my last report on Cretaceous Polyzoa I accepted the divisions 
formulated by Dr. Marsson and Dr. Pergens as the latest attempt—by 
no means Satisfactory—to classify Cretaceous Polyzoa. The Hlea and 
Melicertitina groups have always been very difficult to deal with, espe- 
cially the Upper-Cretaceous forms, as the ‘closure’ cells in the zoarium 
closely resemble the ‘closure’ cells of the Carboniferous Polypora tuberculata. 
Until quite recently it has been customary to place Polypora species 
amongst the Cyclostomata, but their true position must be left for the 
present. Since writing my last report I have had ample opportunity to 
study Cretaceous examples of Melicertites, which, though very abundant 
as individuals in the Chatham Chalk, are by no means abundant as 
species. I am now quite prepared to agree with Mr. A. W. Waters in 
his estimate of the genus. In a recent paper? that author has shown 
that the true Cheilostomatous characters, such as Avicularia, found in 
Cretaceous species, are sufficiently indicative as to their natural location 
as regards grouping. For the present, however, I can only give a record 
of the species already met with. 


111. Melicertites Dollfussi, Perg., ‘ Revis. des Bryoz.,’ p. 395, fig. 4. 

112. semiclausa, Mich. (Jd., l. c., p. 394). 

113. Rs semiclausa, forma Lorieri, d’Orb., ‘Terr. Crét.,’ pl. 
601, figs. 18, 20. 

114. re propinqua (Nodelea), Mars., ‘ Rigen,’ pl. 5, fig. 1. 

115. - propinqua, Mars.; or variety. 

116. ne 2? Near Claviclauwsa globulosa, d’Orb., ‘Terr. Crét.,’ 
pl. 765, fig. 15. 


There is still another very doubtful genus, as regards proper location, 
which for the present I place here for convenience only. 


1887. Genus Hpiprcryon, ‘Marsson. 


1850=Siphoniotyphlus, Lonsdale, ‘ Geol. Sus.,’ p. 341. 
1874. Lanceopora, Reuss, ‘ Pliners,’ 1874, p. 130. 
117. Epidictyon tenue, Hag. (1840), according to Marsson, ‘ Die 
Bryoz., &c., Riigen,’ p. 17. ‘ 


~ ‘1801. Genus Escuara, Lam. (see d’Orb., ‘Terr. Crét.,’ pp. 96-104, for 
history of the genus). 


The genus Eschara holds an important place in the classification of 
@’Orbigny and other Continental writers on Pclyzoa, but, Mr. Hincks 
and Mr. Waters, in dealing with recent and fossil species, break up the 
group considerably. It is certainly an unmanageable group whenever 
reliance is placed upon the bilaminate character for diagnostic purposes. 
Yet the genus, as understood and worked by d’Orbigny and others, is a 
most interesting one, and so far as I am aware it reached its climax in the 
Cretaceous epoch. D’Orbigny describes and illustrates 80 species as 
belonging to the Chalk of France. Marsson describes several species as 


1 See Report on Fossil Polyzoa, Brit. Assoc. Rep., 1890, p. 380, 
2 Ann. Mag. Nat. Hist., S. 6, vol. viii., pp. 48-53. 
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found in the Riigen Chalk, and Hagenow describes and illustrates several 
very beautiful forms which are found in the Maestricht beds. Although 
I place the following species under Eschara, it must not be supposed 
that I disagree with modern methods of investigation. In all probability 
a rearrangement will take place in the grouping of species of this genus. 


118. Eschara cleon, d’Orb., ‘ Terr. Crét.,’ l. c., p. 147, pl. 671, figs. 8-11. 
Typica. 
a9; », Cleon (?), or well-marked variety. 


Large frondescent variety with avicularia. D’Orbigny’s fig. 8 repre- 
sents a small branching form, apparently without avicularia. The 
frondescent variety has the same form of cell and cell-area, 


120. Eschara sexangularis (?), Goldf., Hag., ‘ Maestricht,’ p. 81, pl. 10, 
figs. 3, 4, 5. 


The shape of the cell is similar to figs. 4 and 5, but the avicularian 
cell is different. Rare in Chatham Chalk. 


121. Eschara claudia d’Orb. (or near), ‘Terr. Crét.,’ p. 146, pls. 
671, 675. 

122. 5 eybele, d’Orb. (or near), ‘ Terr. Crét.,’ pl. 674, figs. 4-6. 

123. b dane, d’Orb., ‘ Terr. Crét.,’ pl. 675, figs. 7-13. 


1816. Genus Lunutites, Lamarck. 


124, Lunulites cretaceus, Defr., d’Orb., ‘ Terr. Crét.,’ p. 349, pl. 704, 
fie. 2 
ae urceolatus, Woodward, ‘Geol. Norf.,’ pl. 4, fig. 8, 
=L. radiatus, Mant., ‘ Medals,’ pp. 256 and 290, 
Morris.) 


1846. Genus Sricnopora, Hag. (see d’Orb., ‘ Terr. Crét.,’ p. 360). 


125. Stichopora clypeata, Hag., ‘ Bryoz. Maestr.,’ p. 100, pl. 12, fig. 14 
=S. clypeata, d’Orb., ‘Terr. Crét.,’ p. 360, pl. 707, 
figs. 5-9. 


The Chatham example is slightly broken on the edges, and it measures 
7 mm. in diam. against the 9 mm. of d’Orbigny’s example. 


V. Ponyzoa, Upper CHatk; GRAVESEND. 


In Mr. W. Whitaker’s ‘Geology of London and of Part of the Thames 
Valley’ (vol. i., pp. 83-85, 1889) will be found a list of fossils from the 
following localities:—(1) Lewisham, (2) Charlton and Woolwich, (3) 
Gravesend and Northfleet, and (4) Grays and Purfleet (Essex). The 
list was compiled by Mr. Jukes-Browne, from the catalogue of the collec- 
tion in the Jermyn Street Museum, from Dr. Lavis’ paper,! from a list of 
the late Mr. Wetherell’s collection, taken by Mr. Whitaker—supple- 
mented by references from the monographs of the Palwontographical 
Society and from specimens in the collections of Mr. Jukes-Browne and 
of Mr. W. Whitaker. Only two species of Polyzoa are mentioned in the 
list, but in a MS. note Mr. Whitaker gave me a list—probably compiled 


1 Proc. Geol. Assoc., vol. iv., No. 9, pp. 528-530. 


en 


ON GRETACEOUS POLYZOA. 319 


_ from Morris’ ‘ Catalogue of British Fossils ’—of six additional species of 


Polyzoa, which had been previously recorded from the No. 3 locality 


i given above. Until 1889 these were all the Cretaceous Polyzoz from 


Gravesend known to the respective authors. 

In June 1890, with the other material already referred to,! I re- 
ceived from Professor T. Rupert Jones, F.R.S., a small packet labelled 
‘Gravesend.’ This proved to be pickings, or refuse material, which re- 
mained after Mr. Jones had selected the Foraminifera and Entomostraca, 
In the packet [ found a number of minute fragments of well-preserved 
Polyzoan remains—besides other organisms—and the following list is 
the result of my labours on this small collection. I have included in the 
list the names only of species of whose identity I felt assured; but 
there were other fragments which would help me to add to the list if 
better material could be forthcoming. I do hope, therefore, that local 
students will search for and record their discoveries in this, as well as in 
other districts where the Upper Chalk rocks are exposed. Examples of 
all the species recorded below are in my own cabinet. Professor Morris’ 
list is given separately, because, as yet, I have not been able to identify 
any of the species named. 


Sub-order Cyciostomata, Busk. 


Idmonea unipora, d’Orb., ‘ Terr. Crét.,’ p. 737, pl. 613. 
* subgracilis, d’Orb., ‘ Terr. Crét.,’ p. 738, pl. 614. 
Filisparsa (pulchella ?), Marsson, ‘Der Bryoz. der Weiss. Kreidebil.,’ 
pl. 3, fig. 7. 
Entalophora proboscidea (Edw., Perg., ‘ Revis. des Bryoz.,’ p. 359), 
I forma raripora, d’Orb., ‘ Terr. Crét.,’ p. 787, pl. 621. 
bs », _ filiformis, d’Orb., J. c., p. 791, pl. 622. 
Heteropora (Sparsicavea) Francqana, d’Orb., 1. c., p. 951, pl. 775. 
Apsendesia (Lichenopora) organizans, d’Orb., 1. c., p. 757, pl. 646, figs. 
9-15. 
_ Homeeosolen ramulosus, Lonsd., ‘ Geol. Sus.,’ p. 307, pl. 188, figs. 3-5. 
Reptomulticava mamilla, d’Orb., ‘ Terr. Crét.,’ p. 1041, pl. 793. 
Multicrescis sp. (Heteropora, Perg., ‘ Revis. des Bryoz.,’ p. 373). 


Sub-order CHEILostomata, Busk. 


Planicellaria oculata, d’Orb. (one segment only), ‘Terr. Crét.,’ p. 87, 
1. 653. 
Vincularia regularis, d’Orb. (typica), 7. c., p. 64, pl. 601, figs. 1-3. 
; forma Santonensis, d’Orb., J. c., p. 73, pl. 656, fig. 2. 
perangusta? d’Orb., J. c., p. 83, pl. 658, fig. 11 (or 
near). 
Membranipora sp. 
Micropora Roemeri, Lonsd., ‘ Geol. Sus.,’ pl. 183, fig. 7. 
Melicertites sp. (near M. Francqana, d’Orb., pl. 737, fig. 16), 
Eschara sp. 


The following are recorded by Professor Morris from Gravesend 
(‘Cat. British Fossils,’ edition 1854.) :— 
*Diastopora gracilis, M. Ed., ‘Ann. Sc. Nat.,’ 1838, p. 229, pl. 14, 
fig. 3. 


9 ” 


1 Brit. Assoc. Rep. (1890) on Cretaceous Polyzca, p. 390. 


F 
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*Idmonea ? truncata, Blain., ‘Man. d. Act.,’ p. 420=Millepora, Wood- 


ward. 
*Pustulopora madreporacea, Goldf., ‘ Petrifac.,’ p. 35, pl. 10, fig. 12. 
= 3 pustulosa, Lonsd., Dix., ‘Geol. Sus.,’ pl. 18a, fig. 8 
(Northfleet). 
* Actinopora (Tubulipora) Brongniartii, M. Ed.,‘ Ann. Se. Nat.,’ pl. 14, 
fig. 1 
*Eschara cancellata, Goldf., ‘ Petrifac.,’ p. 34, pl. 8, fig 13. . 
* ,,  disticha, Goldf., J. c., p. 25, pl. 30, fig. 8. 
oe us; pyriformis, Goldf., J. c., p. 24, pl. 8, fig. 10. 


The only record that I have of Polyzoa from Wiltshire or Hampshire 
is that given by Professor Morris in his ‘ Catalogue of British Fossils.’ 
(The asterisks on the left-hand side indicate that I have no examples of 
the species catalogued.) 


VI. Tue Santspury Potyzoa. : 
| 
Alecto (Stomatopora) gracilis, M. Ed., ‘ Ann. Sc. Nat.,’ t. 16, fig. 2, 


Wiltshire. ‘| 
Petalopora pulchella, Lonsd., Dix., ‘Geol. Sus.,’ pl. 184, fig. 7,/ 
Wiltshire. i 
Lunulites cretaceus, Defr., d’Orb., ‘Terr. Crét.,’ pl. 704, fig. 2, Wilt- 
shire. 
*Tdmonea cretacea, M. Ed., ‘ Ann. Sc. Nat.,’ t. 12, fig. 5, Hampshire. 
*Eschara Lonsdalii bs - 2 ser., t. 12, fig. 18, Ports- 


mouth, Hampshire. 
FS sexangularis, Goldf., ‘ Petrifac.,’ p. 24, t. 8, fig. 12, Ports- 
mouth, Hampshire. 


In 1891 I received from Dr. Blackmore, of Salisbury, a very beautiful 
series of Polyzoa, which had been collected from the different zones of 
the Upper Chalk in the neighbourhood of Salisbury. The zonal suc- 
cessions as characterised by Mr. Westlake I have already adopted in a 
previous part (p. 4) of the present report; but a few other remarks may 
be advantageously quoted from the same paper ' by way of explanation. 
‘The Upper Chalk is a very pure calcareous sediment. The time which 
elapsed during its deposit was sufficient to allow of a variation in the 
forms of the shellfish and the replacement of one by another. We can 
trace this in the Upper Chalk of our own valley, from its lowest part (with — 
Micraster cor-testudinurium) in the pit east of Clearbury, to the highest 
(with Belemnitella mucronata), which appears in the pits of Redlynch, 
Searchfield, Breamore, Outwich, Whitsbury, Brookheath, West Park, 
and Damerham.’ In sending me the Polyzoa, Dr. Blackonore gave in hial 
letters very full notes respecting the various zones from whence the 
forms were derived. The Pelemnitella quadrata zone seems to have 
yielded the greater number of species, probably on account of its being 
so largely used in the neighbourhood of Salisbury for the purpose of 
manufacturing whiting. The localities specialised by Dr. Blackmore are 
East Harnham and Whaddon. Sections of the Chalk have been exposed, 
in the bigher zone, with Belemnitella mucronata, at Clarendon and — 
Short End. This zone, Dr. Blackmore remarks, corresponds with the 
Norwich beds, excepting those at Tormingham, which are probably 


' «Outlines of the Geology of Fordingbridge, &c.,’ from Mitchell's Fordingbridge 
Almanack and Directory, 1889, p. 7. ~ ae 
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Danian. The zone of Marsupites testudinarius has yielded a few forms, 
_ chiefly from the lecality of Highfield, and the zone of Micraster cor-anguinum 
has also yielded several very beautiful species, some of which are 
unique. The localities are Witherington, Horsebridge, and Quidhampton. 
/ Unfortunately the great bulk of the Salisbury Polyzoa were un- 
suited for microscopical examination on account of their size. Since these 
were examined and returned to Dr. Blackmore with a temporary list of 
species, the mass of Chatham Polyzoa which I was able to mount as 
slides have been most carefully studied for the purpose of identification, 
and in some few cases I have altered the name given in the temporary list. 
It is right that I should make this remark, because it is the intention of 
Dr. Blackmore, I believe, to place the series of Polyzoa referred to, when 
properly arranged, in the Salisbury and South-Wilts Museum. In the 
: present list the series is arranged consecutively. In the columns the 
zones where the species were found are indicated by the typical letters 
already referred to, and on the extreme right the name of the locality as 
_ given by Dr. Blackmore. I have only the broken fragments which be- 
came detached in the passage of the Salisbury species, and a few forms 
presented to me by Dr. Blackmore—Lunulites, &c.—so that the present 
list is compiled from careful notes and drawings of the species made 
during the time that the collection wasin my hands. From other locali- 
ties I have similar examples of the species indicated in the list, and I have 
_. only placed the usual asterisk (*) against those forms that I have no 
duplicate of. My identification of these may probably be erroneous, so 
that I will advise Dr. Blackmore and other collectors in Salisbury and 
its neighbourhood to verify the accuracy in my present list of the specific 
names so indicated. I had Polyzoa from four zones only, Zone E not 
being represented. 


OS OD eee 


_ (The small figures on the right-hand side refer to the habitats on which the species 
were found. See list at the end of this section.) 
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} isa: erie CycLosToMmATA. 
_ Genus Stomatopora, Bronn. 
Stomatopora granulata, var. gigantea, ‘| * Whaddon. 4 
; Perg. 
a gracilis, Edw. ; +) | * | KH. Harnham and 
| | _ Quidbhampton. 
Dixoni, Vine, and var. . | * | * | Highly, Hightield(*) 
and Quidhampton. 
za longiscata, d’Orb. ‘ *| E, Harnham. 
pedicellata, Marsson . | * | Quidhampton (*). 
Genus Proboscina, ad’ Orb. 
*Proboscina Bohemica, var. delicatula, | * E. Harnham (’). 
Vine | 
= * ¥ flexuosa, Vine : : i | * | E. Harnham and 
Quidhampton. 
gigantopora, Vine - | E. Harnham. 
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Sub-order CYCLOSTOMATA—cont. ; 
Proboscina marginata, d’Orb. . : * Quidhampton (°). 
5 ? littoralis, d’Orb. . : Ji] | Highfield. 
Genus Diastopora (Berenicea, Lamx.) | 
Diastopora grandis, d’Orb. : : *  Quidhampton (°). 
‘ papillosa, Rss. ; | ‘e - 
Ph ay forma echinata, cal ‘ 
d’Orb. / 
congesta, Rss.,d’Orb. . | Fr 
Genus Idmonea (Crisina, d’Orb.) 
| Idmonea triangularis, d’Orb. . - | = | E. Harnham and W. 


| , | Harnham. 


Genus Reptotubigera, d’Orb. : 
*RKeptotubigera serpens, d’Orb. ¥| *  Quidhampton (8). 
Genus Clinopora, Marsson 


| Clinopora costulata, Marsson 2 
| Genus Entalophora, Lamx. 
_ Entalophora proboscidea, Edw. si - E. Harnham. 
hia c. pustulosa, Goldf. . 4 + 
Genus Heteropora, Pergens 
Heteropora, sp. or var.new . hea | » 
| 2 (Clausa)carantina, d’Orb. ieee | . 
| Genus Cavarinella, Marsson. | 
_ Cavarinella ramosa, Hag. sp. . al * | ” 
| Genus Desmepora, Lonsd. 
Desmepora semicylindrica, Lonsd. . | hi ” 
| Genus Homceosolen, Lonsd. sel 
Homeeosolen ramulosus, Lonsd. ot fee : 
| 5) a forma alter- | * e Clarendon and E. 
| nata, d’Orb. J e eae ae 
es pipet 
nata,d’Orb. | : 
| Genus Umbrellina, Rss. 
| Umbrellina (Lichenopora) paucipora, | “ KE. Harnham. 
Vine 
| Genus Unicavea, d’Orb. 
|  Unicavea collis,d’Orb. . ; . * | Horsbridge (°). 
Genus Apsendesia, Lamx. | 
Apsendesia Gaudryana, d’Orb. . eile Clarendon. 


Sub-order CHEILOSTOMATA. | 
| Genus Cellaria, d’Orb. 
) Cellaria cactiformis, d’Orb. ; v. as 

Genus Vincularia, d’Orb. 


Vincularia Franegana, d’Orb. . coe s 
Fr excavata, d’Orb. ) | E. Harnham. 
| ae simplex, d’Orb. : Sl Clarendon. 
| » ° vregularis, d’Orb. : Sete oe 
| Genus Membranipora, Blainville. Lael 
__ Membranipora (Hippothoa) dispersa, aca * E. Harnham (°). A, 
Mars. | } 
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Bel. quad. 


o | Micras. cor-ang. 


a | Marsup.-cor. 


ee | 
= | 


Sub-order CHELLOSTOMATA —count. | 
| 
| E. Harnham and 


Whaddon. 


| Membranipora tuberosa, Novak (var.?) 


| elliptica, Hag. sp... cal E. Harnham. 
. * clathrata,Rss.(unique) | coe E. Harnham. 
A, irregularis, d’Orb. ... | * | Quidhampton (°*). 
(Biflustra), pauperata, | z HK. Harnham. 
\ d’Orb. 
?(Flustrina) irregula- 
ris, d’Orb. 
Genus Micropora, Gray ? | 
Micropora hippocrepis, Goldf. . 2 
rimosa(nonEschara), Mars. ” 
Delarueana(non Eschara), | | * | Witherington (°). 
d’Orb. 
(Marginaria) Roemeri, 93 
Lonsd. 
* confluens ? Reuss F 
Genus Cribrilina, Hincks. | 
*Cribrilina (Semiescharipora) brevis? J Highfield. 
@Orb. pl. 718. 
(Semieschara), flabellata, | * Clarendon. 
dOrb. 
(Semiescharipora) fragilis? Aldenborough. 
Orb. 
(Disteginopora) horrida, * | Withberington. 
Orb. 
(Reptescharella) pygmza, * E. Harnham. 
dOrb. 
Genus Porina, d’Orb. 
*Porina pustulosa?, Marsson . anil ” 
7 Cineta?,,Reuss’ . : . * Ay @): 
| Genus Epidictyon, Marsson ; Siphonio- 
typhlus, Lonsd. 
Epidictyon tenue, Hag.=S.plumatus?| * Clarendon. 
Lonsd. 
Genus Melicertites, Rom. 
Melicertites semiclausa, d’Orb. . f = Highfield. 
' », forma Lorrieri, d’Orb. » 
or (Claviclausa) globulosa, 
d’Orb, 
Genus Eschara, @’Orb. 
Eschara Dan, d’Orb. P é A 
»  Acis, d’Orb. : 
> cypreea, d’Orb. 
% Delarueana, d’Orb 
> rimosa, Marsson . ; 7 ” 
Genus Discoflustrellaria, d’Orb. 
_ * = doma, d’Orb. . * Fe, 
Genus Lunulites. 
Lunulites rosaceus, d’Orb. ; ; » 
| a cretaceus, Defranc. 


” 


” 


» 


” 


” 


” 


” 


E. Harnham. 
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Hasirats. ossils on which the various species were found. 


. Bourgueticrinus ellipticus, Mill. 

. Cardiaster pilula, Lam. 

. Micraster cor-anguinum, Leske. 

. Echinoconus, sp. 

Rhynchonella octoplicata, Sow. 

Ostrea vesicularis, Lam. 

JInoceramus, sp. 

. Belemnitella mucronata, Sch. 

5 quadrata, Defr. 

. Echinocorys vulgaris, Breyn = Ananchytes ovatus, Leske. 


SOON AoTRWI HE 


H 


VII. Potyzoa, BerxsHire AND BuckINGHAMSHIRE. 


In Mr. W. Whitaker’s ‘ Geology of London and Part of the Thames 
Valley,’ vol. i., p. 76 (1889), will be found remarks on the fossil contents 


of the various pits in Berkshire visited by Mr. Rhodes. In the Twyford 


and Maidenhead districts Chalk was quarried in many places, and Mr. 
Rhodes collected fossils from such pits as were still in use. A list of 
fossils procured from these pits will be found at pp. 79 and 80, amongst 
which are several Polyzoa. The Chalk in all the pits—of which locali- 
ties are given—is characterised by certain fossils, which are either rare 
or absent in the beds below. These are :— 


Bourgueticrinus (? ellipticus), Miller. 

Cidaris peronata, Forbes. 

Micraster cor-anguinum, Leske. 

Ostrea acutirostris, Nils. 

Pecten nitidus, Mant., with many Polyzoa and Serpule. 


There can be little doubt, says Mr. Rhodes, that this Chalk belongs to 
the zone of Micraster cor-anguinum, whilst that with the spongeous flint 
(Cookham Dean) may be referred to the zone of Micraster cor-testudi- 
narium (p. 76). 

In a pit quarried on the Buckingham side of the Thames is a layer of 
greyish gritty Chalk in blocky masses resembling Totternhoe stone, with- 
out flints, in which are Belemnitella quadrata and Ostrea acutirostris; and 
the presence of these fossils, with a comparative scarcity of flints, suggests 
a correlation of this Chalk with the Margate Chalk of the zone Marsupites 
testudinarius (p. 77). ; 

The Polyzoa, partially and fully identified by Mr. Rhodes, are as 
follows:— 


Diastopora, sp. Idmonea and Escharina sp., Littlewick. 
Diastopora, sp. only, Bisham, 
Entalophora and Membranipora, Pinkneys. 
Proboscina angustata d’Orb., ‘ Terr. Crét.,’ pl. 632, Marlow. 

. ramosa, d’Orb., ‘Terr. Crét.,’ pls. 632, 633, Marlow. 
Entalophora cenomana, d’Orb., ‘ Terr. Crét.,’ pl. 618, Waltham. 
Semieschara arborea, d’Orb., ‘ Terr. Crét.,’ pl. 710. 


- 


VIII. Potyzoa, Hurrrorpsaire any MIpDLEseEx. 


Several Chalk pits in the neighbourhood of Rickmansworth and Wat- 
ford were examined by Mr. Rhodes, and with very satisfactory results as 
regards Polyzoa. In all probability the Chalk of these pits also is in 


; 
q 
: 
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the junction of the Micraster cor-anguinum and M. cor-testudinarium zones. 
The Polyzoa, identified and otherwise, are as follows :— 


Stomatopora ramea, Blainy., ‘Man. d. Act.,’ pl. 78, fig. 6, Harefield. 


as sp., Rickmansworth. 
Idmonea (crisina) subgracilis, d’Orb., ‘ Terr. Crét.,’ p. 738, pl. 614, 
Watford. 
Entalophora (Clavisparsa) clavata, ‘Terr. Crét.,’ p. 776, pl. 621, 
Watford. 
Ws (Clausa ?) obliqua, d’Orb., l. c.. p. 896, pl. 623, Watford. 
proboscidea, forma raripora, d’Orb., J. c., pls. 621 and 623, 
Watford. 


Bicavea dilatata, d’Orb., ‘ Terr. Crét.,’ p. 956, pl. 776, Watford. 

Truncatula alternata, d’Orb., ‘Terr. Crét.,’ .c., pl. 797, Watford. 

Domopora clavata (Ceriopora, id., Goldf.), d’Orb., ‘Terr. Crét.,’ 
p. 988, Watford. 

Actinopora (Apsendesia) diademoides, d’Orb., J. ¢., p. 764, pl. 643, 
Harefield. 


Besides the species identified at Watford are the following, indicated 
by generic names only :— 


Stomatopora (Alecto), Diastopora, Vincularia, Membranipora, and 
Eschara, sp. 


At Harefield, Rickmansworth, Bushey, Letchmore, and Colney Street, 
species (unnamed) of the following genera have been found, probably in 
the ‘ Flint Meal’ from the hollows of flints :— 


Alecto, Diastopora, Defrancia, Cellepora, and Escharina. 


Of the undetermined species I cannot speak, not having as yet seen 
the material (‘ Geol. Lond. and Part of Thames Valley,’ p. 80, vol. i.). 


IX. Potyzoa, CHartton, NEAR WOOLWICH. 


I am not aware whether any record has been given of Polyzoa having 
been found in the Chariton Pit. In 1860 I was living at Woolwich for a 
short time, when I collected both Tertiary and Cretaceous fossils. Re- 
cently, while examining some of the larger forms, I found the following 
species of Polyzoa encrusting M. cor-anguinum and Echinocorys vulgaris, 
but they are by no means fine examples of colonial growths like those 
found on Gravesend or Chatham fossils :— 


Stomatopora cracilis, Bronn. 
Be Dixoni, Vine. 
Membranipora fragilis, d’Orb., 
Micropora Roemeri, Lonsd. 
Cribrilina sp. Too much worn for specific determination. 


X. Poryzoa, Norrotk, Sussex, anp Kenrv. 


For this section of my labours there only remain now the Polyzoa of 
the Upper Chalk of Norfolk and of Suffolk to chronicle. This I must do 
on the authority of Professor Morris, as I have only a very few fossils on 
which I could rely for information. The Polyzoa in Sussex are evidently 
—judging by Lonsdale’s labours, as described and illustrated in Dixon’s 
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‘Geol. of Sussex ’—very abundant. On one fossil alone—WMicraster cor- 
anguinum—from Sussex I have been able to identify eight species of 
Polyzoa belonging to the two sub-orders Cyclostomata and Cheilosto- 
mata. 


(a) Norfolk ees s ‘Geol. of Norfolk’). Morris’ Oatalogue. 
Zone: Belemnitella auseeetes 


Stomatopora gracilis, Waders ‘Geol. Norf.,’ pl. 4, fig. 16. 
Diastopora gracilis, M. Ed., ‘Ann. Se. Nat.,’ 1838, P. 229, pl. 14, fig. 3. 
Ceriopora polymorpha, Goldf, (Millipora, Woodw. : i Geol. Norf., ’pl. 4, 
fig. 13. 
Discopora? mamillata, Woodw., ‘ Geol. Norf.,’ pl. 4, fig. 2. 
? radiata, Woodw., ‘Geol. Work.” pl 4, fic. 3. 
*Flustra (?) quadrata, Woodw., ‘Geol. Norf.,’ pl. Tl, figs’: 
PF aaise (?) retiformis, Woodw., ‘ Geol. Norf.,’ pl. 4, tio. 6. 
= (2) tessellata, Woodw., ‘ Geol. Norf.,’ pl. 4, ‘fig. 4, 
Lunulites urceolatus, Woodw., ‘ Geol. Norf., * pl. 4, fig. 8 = L. creta- 
ceus, d’Orb., pl. 704. 


If Iam right in my identification, the Millepora (truncata), Woodw., 
which Professor Morris. identifies as Retepora truncata ?, Goldf., is really 
the Truncatula truncata, Hag.= Osculipora truncata, d’Orb. (1847). I have, 
however, a very peculiar species (Reteporidea, d’Orb.) from Norfolk, ad- 
herent to Belemnitella mucronata, but the form is too much silicified for 
specific distinction. 


(b) Sussex (S) and Kent (K). Morris’ Catalogue. 


From these localities only those species are here indicated which I 
have not as yet identified in the present report. 


Diastopora Sowerbii, Lonsd., Dixon’s ‘Geol. Sus.,’ pl. 18a, fig. 2 
(K, 8). 
Idmonea cretacea, M. Ed. = Idmonea Dixoni, Mant., p. 287 = Des- 
mepora. 
* ‘ divaricata, d’Orb., ‘ Terr. Crét.,’ pl. 631, figs. 9-11. 
*Atagma papularium, Lonsd., ‘ Geol. Sus.,’ pl. 185, fig. 6 (S). 


This species is probably represented in the Chatham Chalk as Hetero- 
pora papularia. 
*Holostoma contingens, Lonsd., ‘ Geol. Sus.,’ pl. 18a, fig. 10 (8, K). 
enor Brongniarti, d’ Orb.= Tubulipora Brongniarti, M. Ed. 
45 pulchella, d’Orb., ‘Terr. Crét.,’ pl. 644, figs. 9-11 (Mackie, 
K). 


XI. Potyzoa, Bracny Heap, Sussex. 


In 1882 I received from Miss E. C. Jelly a small parcel of Heise 
Polyzoa derived from the cliffs of Beachy Head in Sussex. I have not the 
collection at hand to refer to, but as I gave particulars of these ina 
former report (‘ Brit. Assoc. Rep.,’ 1883) it may be as well to correct 
the few inaccuracies which were unavoidable at the time I wrote. 


Stomatopora Dixoni, sp. n.=8. gracilis (pars), Report, 1883. 
Proboscina ramosa, Mich.=S8. ramosa, Report, 1883. 
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Reticulipora obliqua, d’Orb. = Diastopora reticulata (new sp. ?), 


Report, 1883. 
Micropora Roemeri, Lonsd.=Membranipora Roemeri, Report, 1883-4. 


The other species given in the Report must be allowed to stand for 
the present. 

It was my intention to give descriptions of the new species introduced 
into this Report, but as in all probability a monograph of the Cretaceous 
Polyzoa will be the outcome of my past and future investigations, it will 
be perhaps a better plan to reserve my descriptions until I can furnish 
figures of the same. 


XII. Zonan Disrrisurion or Britis Creracnous Potyzoa. 
(a) Bibliographical References, 8c. 
1. D’Orbigny: ‘ Paléontol. Franc., Terrain Crétacé,’ tome v., 1852 
(Bryozoaires). 
2. Dr. Pergens: ‘ Revis. des Bryoz. du Crétacé, figurés par d’Or- 
bigny,’ ‘ Bull. de la Soc. Belge de Géol.,’ t. iii., 1889, 
3. ¥, et A. Meunier, ‘Bryoz. Garumn. de Faxe,’ ‘ Ann. 
Soc. Royale Malacol. de Belgique,’ 1886. 
4, Dr. F. von Hagenow : ‘Die Bryoz. der Maestricht. Kreideb.,’ 
Cassel, 1851. 
5. Dr. Mantell: ‘ Medals of Creation,’ 1844 edition. 
6. F. Dixon: ‘Geol. and Fossils, Tertiary and Cretaceous Forma- 
tions of Sussex,’ ed. 1850. 
7. Dr. Marsson: ‘Die Bryozoen der Weissen Schreibk. der Insel 
Riigen,’ 1887. 
8. Dr. v. Reuss : ‘Die Bryozoen und Foram. des unteren Planers,’ 1872. 
sh * ‘Die Foram., Bryoz., und Ostrocoden des Planers,’ 1874. 
10. G. R. Vine: Fourth Report on Fossil Polyzoa, ‘ Brit. Assoc. 
Report,’ 1883. f 


mL. Fs Notes on Cretaceous Lichenoporide, ‘ Quart. Journ. 
Geol. Soc.,’ 1884. 

12. is Notes on Cambridge Greensand Polyzoa, &c., ‘ Proc. 
Yorks. Geol. Polytech. Soc.,’ vol. ix., 1886. 

13. 5 Further Notes on the Camb. Greensand Polyzoa, 
pl. 2, Ibid., vol. xi., 1889. 

14, ¥ Notes on sp. Entalophore, Lincolnshire, ‘ Ann. 
Mag. Nat. Hist.,’ 1887. 

15. 5 Polyzoa of the Red Chalk of Hunstanton, ‘ Quart. 
Journ. Geol. Soe.,’ vol. xlvi., 1890. 

16. ‘ Notes on the Polyzoa, &c., of the Red Chalk, ‘ Proc. 
Yorks. Geol. Soe.,’ vol. xi., 1890. 

17. <. Report on Cretaceous Polyzoa, ‘ Brit. Assoc. Rep.,’ 
1890. 


18. A. W. Waters: On Cheilostomatous Characters in Melicertites, 
&e., ‘Ann. Mag. Nat. Hist.,’ July 1891. 
19. Catalogue (1878) of Museum Practical Geol.= Cretaceous division. 
20. G. R. Vine: Notes on New or Little-Known Eocene Polyzoa, 
‘Proc. Yorks. Geol. Soc.,’ vol. xii., 1892. 
21. 5 Additions to the Cretaceous Polyzoa Fauna, ‘ Proc. 
Yorks. Geol. Soe.,’ vol. xii., 1892. 
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Sub-order CycLostomatTa, Busk. 
Stomatopora, Bronn, d’Orb. : 
th cy gracilis, Edw. (Bibl.' 1, p 843, pl. | s * 
758, figs. 17, 18) 
2 “e var. delicatula, Vine (16, pl. 17, * 
fig. 1) | 
a ag pedicellata, Marsson (7, pl. 1, | = 
tig. 1) 
4 i graciliformis, Vine (13, pl. 12, “A 
fig. 2) 
5 A divaricata, Rom. (16, pl 17, fig. 6) * 
6 A rugulosa, Reuss (8, pl. 27, fig. 8) . 
7 ps linearis, d’Orb. (16, pl. 17, fig. 5) . ig 
8 x » var. Mortoni, Vine (18, = 
pl. 12, fig. 1) 
9 " Dixoni, Vine = Alecto gracilis | * 
Lonsd. (non Edwards) (6, pl. 
18R, fig. 1) 
10 . longiscata, d’Orb. (16, pl. 17, fig. 4) #2 
11 45 ramea, Blainv. (16, pl. 17, fig. 2) . , * 
12 - granulata, Edw. (16, pl. 17, fig. 3) | 2 
13 oo a var. incrassata, d’Orb. Pe 
(15, p. 465) 
14 ss bi var. gigantea, Perg. ¥ 
(2, p. 331) 
15 ‘ - var. reticulata, d’Orb. | * * 
(1, pl. 630, figs. 1-4) 
16 re variabilis, Vine (21, pl. 6, figs. * 
. 1A, 1B) 
Proboscina, d’Orb.=Stomatopora (pars) Per- 
gens (2) 
1 7 angustata, d’Orb. (15, p. 467, pl. 19, us *o 
fig. 1) 
18 4 rugosa? d’Orb. (15, p. 468). : * 
19 59 irregularis, Vine (15, pl. 19, fig. 2) . ze 
20 3 uberrima, Vine (15, p. 469, pl. 19, fig. 3) 
21 5 gracilis, var. Reussi, Vine (15, pl. * 
(19, fig. 4) 
22 A subelegans, d’Orb. (15, p. 470) oil ee 
23 _ Hunstantonensis, Vine (15, pl. 19, i 
fig. 10) 
24 a a ampliata, Vine (15, = 
jo) Pals) eked lily) 
25 45 Jessoni, Vine (15, pl. 19, fig. 12). * 
26 e gigantopora, Vine (15, pl. 19, fig. 8) 2 g 
27 5 bohemica? Novak (15, pl. 19, fig. 9) * 
28 5 3 var. delicatula, Vine * 
(present report) 
29 - Toucasiana, d’Orb. (2, pl. 11, fig. 8). ") 
30 ys dilatata, d’ Orb. (1, pl. 632, & 16, p.377) = 
31 A 55 var. cantabrigensis, Vine x eS 
(18, p. 263) 


1 Bibliography, ante. 
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Genera and Species Blewett et beet hcg 
Po Ni |oeenloee leet & 
a pb |e 
Sub-order CYCLOSTOMATA, Busk—cont. 
Proboscina ramosa, d’Orb = S. Sarthacensis, * x 
Perg. (18, p. 264) 
4 cornucopiz, d’Orb. (1, p. 855, pls. | *? = 
633, 634) | 
. as var. eximia, Vine (pre- | * 
sent report) 
- marginata, d’Orb. (Sharpe, Morris, | * * 
Cat.) 
o Wetherelli, Morris (6, pl. 184, fig. 6) z 
‘ elevata, d’Orb. (2, p. 333) (1, pl. 760, | * e 
: figs. 1-3) 
ie flexuosa, Vine (present nea 4 
jnornata, Vine (21, pl. 2, fig. 4) s 
| | Reptotubigera d’Orb. (1, p. 751) 
3 serpens, sorb. (Salisbury) (1, | 
pl. 751, fig. 5) | = 
es ramosa, d’Orb. (Chatham) (1, 
pl. 751, fig. 2) | 
st = var. (@) irregularis, Vine | 3 
(present report). 
4, % var. (6) disciformis, Vine | “4 
(present report). 
elegans, sp n. (present report) ‘¢ 
Tubulipora, Lam. (non Reptotubigera, d’Orb.) 
is Chathamensis, sp.n.(present report) | r 
ve 45 var. ornata, var. n. r 
(present report). 
Diastopora, Lam. (= Berenicea, d’Orb.) 
1 cretacea (7), Vine (10 and 13, p. 265) = 5 
‘5 Hagenowi, Reuss (13, p. 266, pl. 12, ee 
fig 9). 
= foecunda, Vine (12, p 9, 18, p. 266) = a 
$ (congesta stage) (18, p. 269) 4 
. congesta, d’Orb. (1, pl. 640, fig. 2 A 
only). 
_ Clementiana,d’Orb. (13,p. 269 and 21, * 
Gault form). 
43 gracilis, dV’ Orb. = B. polostoma, Rim. | * 
(17, p. 287, Gault form). 
= grandis, d’Orb. (1, pl. 639, fig. 4-8). bs 
1 Sowerbii, Lonsd. (6, pl. 184, figs. x 
2, 2A). 
ES megalopora, Vine (12, p. 10, pl. ii., cs 
fig. 9). 
+ papyracea, d’Orb.\(17, p. 288). te 
i ramulosa, Mich. (17, p 83) cal 
4 tuberosa, Mich. (17, p. Po83, 1, pl. 629) * 
. Hunstantonensis, Vine (15, piag; Fj 
fig. 10). 
* var. contracta ? = 
Seely (16, p. 370). 
is regularis, d’Orb. (1, pl. 636, fig. 10 My 
only). 
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A os | a 5 
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Sub-order CycLosToMATA, Busk—cont. / 
63 | Diastopora radians? Névak (15, p. 477) . 53 
| 64 55 papillosa, Reuss (15, p. 477) . te 
| 65 is 35 forma echinata, d’ Orb. (2, 
p. 334, pl. xi., fig. 6). 
| 66 % Jessoni, Vine (15, pl. 19, fig. 12, p. va 
| 478). 
*67 » tubulus, d’Orb. (Entalophora form, cr 
| | 1, pl. 641). 
| 68 iy littoralis, d’Orb, (1, p. 867, pl. 640, 
fig. 7, 8). 
Idmonea, Lam. @ Crisina (pars), d’Orb.) 
69 a unipora, d’Orb. (1, pl. 613, fig. 1-10) 
(Filisparsa?). 
70 5 subgracilis, d’Orb. (1, pl. 614, fig. 6-10) 
(Filisparsa ?) 
7] 3 francorum, Perg. (2, p. 343, pl. 13, 
fig. 1). 
~72 5s pseudodisticha, Hag. (2, p. 348) Al 
73 a var. (@), (present report) : 
74 +, var. (bd), 
75 Bs dorsata, Hag. (4, pl. 2, fig. 10) . Veet 
76 re cypris, a’Orb. var. (a), (1, pl. 749) 
Tips) S divaricata, d’Orb. (Morris’ wig a as 
*78 | eo gradata, Defr. x 
19) os clathrata, Goldf. M. 
80 > triangularis, d’Orb. (1, "pl. 612and 769) 
81 3 carantina ? Orb. (1, p. 734, pl. 748, 
figs. 1-5) 
82 Spee 
Reticulipora, dV Orb. (1, p. 903 ; 2, p. 354). 
83 - papyracea, d’Orb. (1, pls. 611 and 
768). 
84 is obliqua, d’Orb. (1, pls. 610 and 768) 
85 = complanata, Mars. (7, pl. 3, fig. 10) 
Hornera, Lam. 
86 ae carinata, Rss. (Bohm’s Kreide, pl. 14, * 
fig. 6). 
87 * ramosa, d’Orb., Cretaceous sp. found in 
the London Clay, Fareham (20, p. 54) 
Filisparsa, d’Orb. | 
88 = ornata, Rss. (17, p. 292) . ee 
89 pulchella (2) Mars. (7, pl. iii. fig. 7) ¢ 
Entalophora, Lam. (2, p. 357). | 
90 x proboscidea, Edw. (2, p.359 (typica) | 
91 es forma raripora, d’Orb. (1, pl. 621) | * 
92 x » Iconensis, d’Orb. (1, pl. 616) | 
93 5 » filiformis, d’Orb. (1, pl. 622) | 
94 = » rustica, Hag. (2, p. 360) . 
95 ‘3 », elegans, Vine(11, pl.1,fig.1) | * 
96 . geminata, Hag. (4, pl. 1, fig. 11) . 
| 97 a clava, d’Orb. (1, pl. 620, figs. 4-5) . 
98 + madreporacea, Goldf., Petrifac. pl. 
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Sub-order CYCLOSTOMATA, Busk—cont. 
99) Entalophora madreporacea, forma inconstans, * 
@Orb. (1, pl. 754) | 
100 : Cenomana, d’Orb. (1, pl. 618, figs. | * | | ee We 
11-15). | 
101 * costata ? d’Orb. (1, pl. 621-17, | * 
p. 283). | 
102 4 ramosissima, d’Orb. (i, pl. 618) . | * it 
103 re Sarthacensis, d’Orb. (1, pl. 619) . | * 
104 “4 annulata, Rss. (Cricopora), Bbhm. 
Kreide, pl. 14). | 
105 ip echinata, Rss. (Pustulopora) (J. ¢., 
pl. 14, fig. 4). | 
106 £ neocomiensis, d’Orb. (18, p. 262) . lee | 
107 :; gigantopora, Vine (18, p. 262 and a | | 
12, p. 8). 
108 a pustulosa, Goldf.(Lonsd.,6, pl. 184, | | = 
fig. 8). | 
109 - dendroidea, Keeping (Foss. Up- | * 
ware, &c., pl. 7, fig. 12). 
110 7 linearis ? d’Orb. (1, pl. 622, figs. ¥ 
5-7). ) 
Clinopora, Marsson (7, p. 24). 
111 - costulata, Marss. (7, pl. 2,fig.2)  . | = 
112 - lineata, Beissel (7, p. 24, pl. 2, fig. 2) 7 
113 - ‘ var. striatopora, Vine (12, ES | is 
pl. 1, fig. 5) | 
_Spiropora, Lam. (2, p. 263). cs 
114 7 verticillata ? Goldf. = Idmonea Comp- 
toniana, Mant. ‘Medals,’ p. 284, fig. My 
14. 
115 A: macropora, d’Orb. (1, pl. 754, fig. 754) a 
116 - Jessoni, Vine (12, p. 6, pl. i, fig. 6) ba | = 
(Entalophora). | 
117 ts micropora, d’Orb. (1, pl. 754) . : Li 
118 45 Cenomana, d’Orb. (present report) - 
(non Entalophora, id.). 
Bidiastopora, d’Orb. (1, p. 798, pl. 2, p. 367). 
119 x Marie, d’Orb. (1, pl. 755, fig. * 
13-15). | 
*120 lamellosa, d’Orb. (Elea, d’Orb., 1, es 
p. 632). | 
Sulcocava, d’Orb. 
| 121 »  sulcata? @Orb. (1, p. 1020, pl. 789, | * 
figs. 1-3). | 
Petalopora, Lonsdale (6, p. 285). 
122 a pulchella, Lonsd. (6, pl. 184A, figs. . Pee 
7-Th). 
123 . np forma Clavicavea regu- = 
laris, Orb. (1, | 
pl. 773). | 
124 " A » Cavea  costata, | ln. #6 
@Orb. (1, 
pl. 74). | an 


1 Whitaker, Geology, London, S§v., p. 80. 
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Genera and Species 


Neocomian 


Camb. Green- 


sand 


| Chalk Detritus 


Red Chalk 


Up. Greensand 


Upper Chalk 


Sub-order CycLosroMATA, Busk—cont. 


Petalepora pulchella, forma Cavea regularis, 


dOrps 7a) 
pl. 774). 
appendicu- 
lata, d’Orb. 
(1, pl. 774). 
flexuosa, 
qvOrb. (1, 
pl. 774). 


” ” ” 


Heteropora, Blainv. (2, p. 369). 


” 


” 


” 


tenera, Hag. (4, pl. 5, fig. 14) 


mamillata, d’Orb. (1, pl. 800, figs. 


3-7). 
variabilis (Multicrescis, d’Orb., 1, 
pl. 800, fig. 3-7). 
dichotoma, Blainv. (Man. d. Act.,p. 
417), 
cryptopora, Goldf. (Morris’ Cata- 
logue). 
clavula, Michelin (1, pl. 1070) 
major, Keeping (Foss. Upware, &c., 
pl. vii., fig. 18). 
(Zonopora, d’Orb.). 
undata, d’Orb. (1, pl. 771, fig. 14) . 
variabilis, d’Orb. (Vine, 16, p. 482) 


irregularis, d’Orb. (Vine, 16, p. 


482) 


Ligeriensis (Multizonopora), @’Orb. | 


(1, pl. 772). 
ramosa, Rém., 55 Keep- 
ing, Foss. Upware. 
(Clausa, d’Orb, p. 893). 
obliqua, d’ Orb. (1, pl. 623) 
irregularis, d’Orb. (1, pl. 624) 
Francqana, d’Orb. (1, pl. 766) 
micropora, d’Orb. (1, pl. 624) . 


? papularium (Atagma), Lonsd. (6, 


pl. 188, fig. 6). 
(Sparsicavea, d’Orb. 2). 
carantina, d’Orb. (2, 372, 1, pl.) 
Francqana, d’Orb. (1, pl. 775) 


(Nodocrescis) annulata, Keep., Foss. 


Upware (pl. 7, fig. 16). 


(Multicrescis) arbuscula,Keep.,ibid. 


(pla Tig. 17h): 
5 digitata? Mich., ibid. 
p. 142. 


ae mamillata, d’Orb. (1, 


p. 1076). 
= variabilis, d’Orb. 
sp. or var. new , : 


Cavarinella, Marsson (7, p. 19). 


»”» 


ramosa, Hag. (Marss., 7, p. 19) 
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Sub-order CyCLOSTOMATA, Busk—cont. 
Peripora, d’Orb. (1, p. 701). 
pseudospiralis, Mich. (1, p. 703) 3 
Bitubigera, @Orb. (1, p. 748). 
- cribriformis, Vine (present report) . = 
Desmepora, Lonsdale (6, p. 281). 
| paatnee Na Lonsd. (6, pl. 184, | 4 
figs. 6-6e. | 
Semicytis, d’Orb. (Osculipora pars, 1847, p.1048) | . ” 
3 rugosa, d’Orb. (1, 1049, pl. 795, figs. | vk 
Taye 
* sp. (Franeqana?), d’Orb. (1, pl. 794) | | a 
a plebeia (Osculipora), Novak(12, p. 13) < 
Umbrellina, Reuss (Clypeina, ? Lonsd.; Lichen- 
opora, Vine). | 
s tubzeformis, Lonsd. (6, pl. 184, fig. 4) | * 
a paucipora, Vine (Lichenopora, Vine, | 
11, p. 853). Flat 
Apsendesia, Lamx. (Unitubigera and Actino- | 
pora). | 
3 papyracea, d’Orb. (1, pl. 643; 2, bo x 
p. 381. 
4 Gaudryana, d’Orb. (1, pl. 643) —. | = 
a radians (Lopholepis), Hag. (4, pl. 3, | * 
fig. 11). 
© collis (Actinopora), d’Orb. (1, p. 9) ta 
diademoides, d’Orb. (1, pl. 643) | W} 
Lichenopora (d’Orb., 1). 
+ dilatata (Bicavea), d’Orb. (1, p. Ww! 
956, pl. 776, fig. 34). 
* organizans, d’Orb. (Radiotubigera, = 
p. 971). 
by neocomiensis, d’Orb. (1, p. 683) .|* | 
i heteropora, Rém. (Radiopora), (1, | * 
pl. 781). 
‘ Huotiana, Mich. (Radiopora bul- | * 
bosa, d’Orb. (1, pl. 650). 
Reptomulticava (pars), d’Orb. 
5 mamillata? d’Orb. (1, pl. 794). | - 
Young examples. 
. collis, d’Orb. (Vine, 15, p. 481) | * | * 
_ mamilla, d’Orb. (1, pl. 793) | 
Re simplex, d’Orb. (Vine, 15, 481) . . 
Be favus, Seeley (Vine, 17, p. 294) 
” radiata and var. (Vine, 12, He 
p. 11). 
Stelocavea, d’Orb. a, p. 967. 
mr cultrata, d’Orb. (1, pl. 777) 
Reptomultisparsa, d’Orb. (1, p. 875). 
=) hamiana, Keeping (Foss. Up- | * 
ware, &c., p. 137). | 
Homeeosolen, Lonsd. (6, p. 307). 
ss ramulosus, Lonsd. (6, pl. 188, fig. | A 
3). 


! Whitaker, Gcol. Lond., p. 80. 


1 Gr. Gravesend. 
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Sub-order CYCLOSTOMATA, Busk—cont. | 
181, Homeceosolen ramulosus, var. Lonsd. (6, pl. 188, = 
| figs. 4, 5). 
182 hs aculeatus, (Truncatula) d’Orb. (1, * } 
| pl. 796). | 
183 - alternatus, (Truncatula) d’Orb. | * 
| (1, pl. 797). 
184) ” carinatus, (Truncatula) d’Orb. (1, | 
pl. 797). | 
Truncatula, Hag. (4, p. 34, 2, p. 385). 
185, os subpinnata, d’Orb. (1, pl. 796) ‘ * 
186 e pinnata, Rom., d’Orb. (1, p. 1053) . | ® 
187 . tetragona, a’Orb. (1, pl. 796) . | * 
188 repens, Hag., or var. (Vine, 12 and 13) | 
Semicea, d’Orb. (1, p. 1007). 
189 a lamellosa, d’Orb. (1, p. 1008, pl. 787, Kal 
figs. 17-20). 
190 55 Cenomana, d’Orb.(Reptocea 1,p. 1009). 
191 + 2? lobosa Keeping (Reptocea), (Foss. | | 
Upware, &c., pl. 7, fig. 15). 
Ceriopora, Goldfuss (pars) 
192 = micropora, Goldf., Petrif., pl.10, fig. 4. * 
193 3 nodosa, Keeping (Foss. Upware, &c., | 
pl. 7, fig. 14). | 
194! S Raulini (Echinocava, Keep., . ¢., p. | * 
139). 
195 Fe irregularis, d’Orb. (1, p. 1018) . x | 
196 3 polymorpha, Goldf. (d’Orb.,1,p. 1034). Rab: 
197 - avellana, Michel (d’Orb., 1, p. 1018). | * | 
198 a mamillosa, Rém. (a’Orb., Ty pelorey: |= 
199 i cavernosa, Hag. (see Bib., 17, p. 284) | * 
200 5 ramulosa (Ceriocava Eth.), Gault. 
201 e spongites, Goldf. (Wiltshire, Red 
Chalk) (see Bibl., 17, p. 293.) 
Sub-order CHEILOSTOMATA, Busk. 
Vincularia, d’Or. = (Cellaria), (d’Or.,1, pp. 23-27) | 
202 ss cactiformis, d’Orb. (1, p. 29, pl. 651, | 
figs. 1-4). 5s 
203 : inequalis, d’Orb. (1, p. 30, pl. 651, 
figs. 5-8). 
204 3 oculata (Planicellaria, id., d’Orb., 1, Gr} 
pl. 653). * 
| 205 _ cretacea, @Orb. (1, pl. 600, figs. ° Gr. 
VF=LO)s 53 
206 053 regularis,d’Orb. (1, pl. 601, figs. 1-3). | | 
| 207| y - forma Santonensis, d’Orb. ** | Gr. 
| (1, pl..656, fig. 2 + / 
208 +5 areolata, d’Orb. (4, pl. 6, fig. 12) 
| 209 + undata, d’Orb. (1, pl. 656, fig. 11) * 
210 ‘. Gaudryana, d’Orb. (1, pl. 682, figs. * 
1-3). 2 { 
211) perangusta, d’Orb, (1, pl.658, fig. 11) | Gr. 
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Sub-order CHEILOSTOMATA, Busk—cont. 
212) Vincularia Francqana, d’Orb. (1, pl. 681) . é s! / 
213 ay excayvata, d’Orb. (1, pl. 654) 7 x Ss |} 
214 : simplex, d’Orb. (1, Vineularina, pl. | “s rs) 
682). | 
215) 3 Bronnii, Reuss, Bohm. Kreide., pl. ) * ce ‘Sh 
15, fig. 30). 
. Membranipora, Blainville = Biflustra, d’Orb. 
216 cs argus, d’Orb. (1, pl. 689, figs. "3 
i-4). | 
217 03 Pygmies? d Orb. (1, pl. 688, figs. | - / 
16-18). | 
218 - pulchella, d’Orb. (1, pl. 690, figs. * | 
1s 
| 219 p pauperata, d’Orb, (1, pl. 692) | * S } 
= Flustrina, d’Orb. (1, p. 298). | 
220) », pulchella, d’Orb. (1, p. 256, pl. 690, | 5 
fess 123), | 
221 Es A var. granulosa, Vine (present | = 
report). | 
222 », irregularis, d’Orb. (1, pl. 702, fig. 14) . * 
223) » obliqua (Filiflustrellaria), d’Orb. (1, = 
pl. 723). 
224 » fragilis (Flustrellaria), d’Orb. (1, pl. | 4 
723). 
225) By Saat 3 dOrb. (1, pl. = 
25). | 
226 % ee dOrb. (1. pl. | * 
725, figs. 9-12). ) 
227 » lmarginata (Semiflustrina), d’Orb. (1, ES 
pl. 733). 
228) » monilifera & d@Orb, (1, * 
pl. 722). | 
229 », tuberosa, Novik, var., Bohm. Kreide. | ae S 
| (pl. 1, fig. 1). | 
230 » €elliptica, Hag., sp. Novdk, Bohm. Hs 5 | 
Kreide. (pl. 2, figs. 11-16). 
| 231) », cretacea, var. Francqana, d’Orb. (Vine, 
| 138, p. 271). | 
232 » dumerilla, var. Cantabrigensis, Vine |. 
(12, p. 14). | 
233 » gaultina, Vine (15, p. 484, pl. 19, fig. a 
13) (Gault form). 
234 » dispersa (Hippothoa) Mars. (7, pl. 9, 
fig. °9). ) 
235 » simplex, d’Orb. (Hippothoa) (1, p. 385, 
pl. 711, figs. 5-8). | | 
236 »  Clathrata, Rss. (unique) (8, p. 102, pl. | Ss) 
24, fig. 8). | 
237 »» Yimosa (Micropora ?) (non Eschara, 
Marsson) (present report). 
238 », Delarneana (non Eschara), d’Orb. (pre- | * 
sent report), 
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els |elalal3 
| | "3 aeg| 2 4 4 | 
| Nos. Genera and Species | 3 2 2 a 5 oe id == 
+ 3 -[a | pe | ae) eee 
|S | Ee eee 
| i RS) P| 
Sub-order CHEILOSTOMATA, Busk—cont. 
_ 239) Membranipora arborea (Semieschara), VOrb. (1, | |w} 
| pl. 710). 
240 i Normaniana, d’Orb. (1, pl. 607) | Ww 
Micropora, Gray = Marginaria, Lonsd. | “S| 
241 Ay Roemeri, Lonsd. (6, p!.188, fig. 7, &c.) | * 
242 5 Roemeri? var.A, withshort avicularia. | * 
243 es ,  ?var. B, with long avicularia. | 
244 3 intricata, Lonsd.=Escharina, Lons- * 
dale (6, 188, fig. 8). | 
245 a ?simplex (Escharina, d’Orb.) (1, pl. . )e2 
605, figs. 10, 11). 
Reptoescharellina, d’Orb.(1,p.451 = Escharellina | 
| plates). | | * | 
246 rr oceani, d’Orb. (1, p. 454, pl. 
605, figs. 14, 15). 
Microporella, Hincks (Brit. Marine Polyzoa, p. | * 
204). | 
247 a antiquata, Vine (11, pl. 2, fig. | * 
11). 
Cribrilina, Hincks, Brit. Marine Polyzoa(p.184). | 
248 5 linearis, Vine (present report) . af Rees hee a 
249 55 fragilis (Semiescharapora, d’Orb.) (1, | * 
pl. 717, fig. 9). | | 
250 » brevis B aia * | g 
pl. 718). | 
| 251 Be flabellata (Semieschara, d’Orb.) (1, * Ss 
pl. 708). | 
252 " pygmeza (Reptescharella, @’Orb.) (1, * 8 
pl. 716). . 
253 horrida (Disteginopora, d’Orb.) (1, pl. x s 
603 and 687 dis). 
254 = nitidiformis, sp. n.(21) . * 
Porina, @’Orb. (Marsson) (7, p. 84). | 
255, »  pustulosa, Marsson (7, pl. 8, fig. 9) | * 
256 5, cincta (Membranipora) Reuss (8, p. 102, * 
pl. 4, fig. 7). 
Epidictyon, Marsson = Siphoniotyphlus, Lonsd. 
257 = plumatus, Lonsd. (6, pl. 188, figs. ee lat *2 | 
2, 2A). 
258 # tenue, Hagenow (present report) * 
Melicertites Rém. (Nodelea and Melicertites, 
‘ Auct.). 
259 3 Dollfussi,Perg. (2,p. 359, pl. xii.,fig.4). * 
260 $5 semiclausa, Mich. (see Waters, 18, * 
p. 52). 
261 a semiclausa, forma, Lorieri, d’Orb. (1, * 
pl. 601, fig. 18-20). 
| 262 A Meudonensis (Entalophora, Morris’ | * 
Catalogue). 
263) Rs gracilis (Hntalophora, Vine, 14,  * * 
p. 18), Louth. 
264. Ae Upwarensis, Keeping (Foss. Upw. | * 
l. c., pl. 7, fig. 15). 


1 Whitaker, Geol. Lon Z., p. 80. 
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Sub-order CHEILOSTOMATA, Busk—cont. 

| 265) Melicertites (Nodelea) propinqua, Mars. (8, pl. 5, = 

= fig. 1). 

| 266 a5 (Clayviclausa), globulosa, d’Orb. (1, hs 

pl. 765). 
Eschara, Lam.(d’Orb. for history, 1, pp. 96-104). 
267 »  cleon, d’Orb. typica(1,pl. 671,figs.8-11). * 

268 . » var. Frondescent, with avicu- * 

i laria. = 

269 »  “cyprea, d’Orb. (1, pl. 675, fig. 1) . 

| 270 a sexangularis (Morris’ Catalogue) . : 
271 3 Claudia, d’Orb. (1,pl. 671and675)(near) * 
272 ES Cybele, d’Orb. (1, pl. 674) a ¥ 
eats) ' 5, cancellata, Goldf., Petrif., pl. 8, fig. 13 of Gres 
" ; (Morris’ Catalogue). 
274 ¥ disticha, Goldf., Petrif., pl. 30, fig. 8 Ea (Gi 
(Morris’ Catalogue). 
*275 | pyriformis, Goldf., Petrif., pl. 8, fig. 10 e9°Gr: 
(Morris’ Catalogue). 
*276 5} Lonsdalei, M. Ed., Ann. Se. Nat. (Mor- = 
ris’ Catalogue). 
277 » Dane, d’Orb. (1, pl. 675) : : be Si 
278 »  Yrimosa, Mars. (7, pl. 761). : , * Ss) 
279 »,  Delarueana, d’Orb. (1, pls. 602-673) . + s 
4 Discoflustrellaria, d’Orb. : 

280 i doma, d’Orb. (1, pl. 722, figs. 6-10) . ¥ is) 

Lunulites, Lam., d’Orb. (1, p. 346). 

281 A cretaceus, Defr. (d’Orb.,1, pl.704,fig.2) = 

282) * rosaceus, d’Orb. (1, pl. 705) 3 * rs) 
i Stichopora, Hagenow (see 1, p. 360) ; : 

283 # clypeata, Hag. (4, p. 100, pl. 12, * 

fig. 14). 


I have now reviewed and reported upon the whole of the British Fossil 
Polyzoa known to me. From certain indications that have come to my 
knowledge, the reports have been helpful in many ways to specialists: 

for this I feel grateful. For my many imperfections or defects I must 
apologise, but at the same time my thanks are given to Professor T. 
Rupert Jones, F.R.S., and to Dr. Henry Woodward, F.R.S., of the 
British Museum, for many kindly suggestions and efficient aid during the 
progress of my work. My thanks are due also to those friends who 
have willingly acted with me as the Committee. To the General Com- 
mittee of the British Association my thanks are especially due for help 
rendered and encouragement given from time to time whilst I have been 
engaged in the compilation of the seven reports—including the present 
one—on Fossil Polyzoa, which are now completed. 


1 Gr. Gravesend. 2 §. Salisbury. 
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Report of the Committee, consisting of Messrs. H. BAavERMAN, 
F. W. Rupuer, and J. J. H. TEALL, and Dr. H. J. JoHNSTonN- 
Lavis, appointed for the investigation of the Voleanic Pheno- 
mena of Vesuvius and its Neighbourhood. (Drawn up by 
Dr. JoHNSTON-LAVIS. ) 


Sryce the last report nearly all the tunnelling for the great main sewer 
is complete, and few additional facts of interest have come to light. 
Several little problems of purely local geology have, however, been solved. 
Tn the lower sewer collector, beneath the tramway tunnel of Naples, a pecu- 
liar grey trachytic mass has been met with, and was penetrated for a short 
distance. On account of a lawsuit the works do not progress. The mass, 
however, is of considerable interest, as it is below the great yellow tuff of 
Posilipo and Naples. The rock was ejected rapidly in very pasty or almost 
solid fragments, which in some cases blended with the others thrown out 
just before and after, and are flattened out in a pipernoid manner. At 
other points the fragments are broken, mixed with dust, and consequently 
incoherent. When this deposit is cut through, it will probably confirm 
my theory regarding the piperno of Pianura and Soccavo, as being the 
result of lumps of lava ejected in great blobs, which falling quite hot around 
the vent have become resoldered together, and have even flowed a little. 

Very high temperatures have been met with in the tunnel near the 
Solfatara, where I registered myself 59° C. on a day that the workmen 
considered a very fresh one for the workings, 7.e., with a high barometer 
still rising. 

The statement made many years since by Professor A. Scacchi, that 
fragments of leucitic lavas had been found by him at the Foce di Fusaro, 
near the Torre Gavetta, led me to suspect the existence there of the 
Museum breccia. On examining the locality this was confirmed, and, in 
fact, the whole sea cliff of Mte. di Procida exhibits a most interesting 
though complex section of the volcanic series of the Phlegrean Fields. 

We have there a series of trachytes forming the base of the section, 
very various in texture, and often covered with thick beds of their own 
scoriz, which are often consolidated into a kind of trachytic breccia quite 
analogous to the ‘sperrone’ of the Alban hills. This is overlaid by fine 
lapilli and pumice beds, which vary very much in thickness. Lying un- 
conformably upon these are irregular buried outliers of the grey pipernoid 
tuff of the region. In one place the pipernoid tuff is seen in section as 
an exceedingly obtuse V-shaped mass, having choked an old valley, and 
possessing the following characters: The black scoria fragments are very 
slightly, if at all, flattened, are very spongy, are of good size, and form an 
important constituent of the deposit. From this we can conclude that 
the distance would well correspond with my supposed eruptive mouth 
to the 8.S8.W. of Camaldoli, not very far from the Lago d’Agnano, from 
which I believe issued the piperno and the greater part of the pipernoid 
tuff of the Campania. The distance was, in fact, such as to allow time for 
only the lighter pieces of scorie, the equivalent to the biack flackers of the 
piperno, to travel so far, and these to be so cooled that when they fell they 
were too rigid to be flattened out by the impact. 

This grey pipernoid tuff has here suffered much denudation, for in 
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many places it is quite removed. Towards Torre Gavetta the ‘Museum’ 
breccia is well developed, ‘being composed of very large blocks of the 
numerous varied rocks, followed by beds of the woody pumice, woody 
looking scorie and scoriaceous black centred vitreous trachyte fragments 
and pumice. Lying with very marked unconformability upon it is a 
great thick bed of the compact yellow tuff, either derived from Cam- 
pagnone or the neighbouring cone, a slice of which forms Misenum. In 
this section we have splendidly exhibited many of the great geological 
records in the history of this remarkable volcanic region. Hach of 
these stages is defined from those above and below it by more or less long 
periods, during which in some cases very extensive denudation had taken 
place. At this point also I am satisfied we have products of the erup- 
tions of the Procida and neighbouring centres interstratified with those 
of the mainland, and in which I hope in time to work out the relative 
chronology. 

The discoveries, which in so striking a manner confirm my conclusions 
regarding the highly complex stratigraphy of this region, induced me once 
more to examine in detail that isolated eminence upon which once stood 
the renowned Greek town of Cume, founded about 1000 B.c. 

Time has favoured the geologist, for here, however much the archeo- 
logist may grieve, it has once more exposed to human eyes sections that 
for many centuries were hidden by buildings, but which reveal the fact that 
those very rocks that as geologists we look upon as very recent had 
nearly 3,000 years ago much the same characters as now. The pumices 
that form the uppermost yellow tuff had then already been converted 
into a rock which those early colonists cut out and used for the construc- 
tion of their walls. When we first visit Cum, and our thoughts wander 
back through historic time, we are impressed by the human associations 
with this hill for such a long period ; but when we return with our eyes 
and minds geologically cultured, the ancient Greek town sinks into insig- 
nificance by the side of the physical history of the mound it stood upon, 
when we remember that not only this mound, but the whole region is 
post-Pliocene in age. 

The foundation of the Cumean hill is the well-known trachyte rich in 
inclusions of sodalite, of amphibole, and I have detected not uncommonly 
crystals of fayalite. Were it more vesicular it would very much resemble 
the western mass of trachyte of the Cumana railway tunnel at the back 
of Naples. 

Above this come some pumice and dust beds, which are probably the 
equivalent of the Rione Amedeo tuffs. Superposed on this we find a 
dirty grey pipernoid tuff which shows much remaniement. The Museum 
breccia is well represented in patches, and is overlaid bya bed of vitreous 
trachyte produced by the resoldering of the falling masses into one solid 
stratum, where the surface was flat, but where an incline is the fragments 
have remained separate. The whole is capped by the compact yellow 
tuff. There are also some minor pumice and dust beds which require 
further working out. : 

The trachyte seems to have oozed forth in a highly pasty condition, 
_ breaking up its scoriaceous surface, which rolled down the sides of the 
dome-shaped mass, and by pressure and heat from the main mass became 
again soldered together—in fact, a sort of regelation. The brecciated struc- 
ture is undiscernible in hand specimens or under the microscope, but is well 
etched out by meteoric agencies. Hach of the deposits mentioned above 
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shows more or less unconformability, which corresponds as they themselves 
do with those beds of the Monte Santo Funicular Railway, the Cumana Rail- 
way, Pianura, Soccavo, Monte di Procida, Nocera, Castellamare, St. 
Agata, Capri, Caserta, &c., which I have described in other reports and 
apers. 

i These are the principal sections which record the later geological 
history of the Phlegrzan Fields, and from which I have been able to un- 
ravel the stratigraphy of the highly complex Neapolitan volcanic region. 
So far it has been explained only in these reports and other disjointed 
papers, but before long I hope to be able to place before the scientific 
world a far more detailed description of one of the most interesting as 
well as the most classic and accessible volcanic regions of the world. 

Before quitting the subject, however, I wish to call attention to the 
confirmation that the sections mentioned in this report afford of my 
explanation of the piperno and pipernoid structure in general. We see 
distinctly that the variation in colour and texture of the two constituents 
of the piperno, which chemically are identical, is simply due to the greater 
saturation with H,O of one portion of the magma than the other in the 
old chimney of the volcano at the time of the eruption. The consequence 
was that the more aquiferous part was erupted asa fine dust, and the 
less aquiferous, more coherent magma was ejected in large fragments or 
more or less scoriaceous cakes, which lost their heat the more slowly, the 
less H,O contained in them there was to expand. The densest, and at the 
same time the slowest to cool, fell near the eruptive mouth, flattened out, 
squeezed out those beneath them, and were squeezed out by those above 
them, forming, with the included dust, the compact piperno in which the 
foliated structure is most developed towards the W. end of the Soccavo 
section, where the nearest existing remnant to the old crater is now pre- 
served, and where the inclination was greatest, and consequently where 
actually slight flow took place. The more scoriaceous of these lava 
cakes were carried to greater distances, so that as we travel away from 
the eruptive axis we find, first, that the black fragments become less 
markedly flattened because they cooled more rapidly from expansion, and 
also because they travelled farther, until they no longer show flattening 
parallel to the bedding more than what would be due to any of them 
being accidentally of flattened or elongated form, and so lying flat on the 
surface on which they fell; second, we find that as their radial distance 
from the eruptive axis increased, the fragments at first get lighter; and 
third, when the limit of lightness and cohesion is reached, they get 
smaller and smaller, so that at Roccamonfina and Salerno the pipernoid 
tuff is chiefly composed of the grey dust with only few and minute frag- 
ments of black scoriz. This seems to have been modified by strong winds, 
and possibly by the eruption taking place along a cleft much like that 
formed in the late Tarawera eruption, or as in many cases in Iceland, 
such as the Skaptar outburst, though most of the latter locality do not 
belong to explosive types of eruptions. 

There is in Iceland, at Krisuvik, the principal one of several crater 
lakes which exhibits in a striking manner the resoldering together of 
ejected fragments, into what might at first appear to be a true lava stream. 
I allude to the Groenavatn, in which we have an almost circular conical 
hollow nearly filled with water. There is only a very low ring around it, 
composed of accidental ejectamenta, being nothing more than the ejected 
fragments of the materials, through which it was drilled, with practically 
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no essential ejecta, except on one side, where we have a mass of rock that 
looks like a lava stream. It seems there must have been at the moment 
of the eruption a very strong wind which carried all the lava fragments 
in one direction, and as they fell they blended together into one fairly 
uniform mass, the components of which are only faintly indicated by a 
slight variation in colour, somewhat like piperno, but not so well marked. 
The top and bottom are less coherent, for at the bottom the fragments fell 
on cold ground, whilst the top, although falling on the hot mass beneath, 
could not be pressed into contact with it by later falls. No doubt also 
the explosions were feebler towards the end and the interval longer 
between the fall of the last fragments. 

We find exactly the same thing in the piperno, namely, a spongy 
tufaceous-like bottom and top. Besides this, the lulls and accentuations 
of the explosive action are well marked, as well as the time that large 
masses of the crater edges fell in and were re-ejected. At one time the 
eruptive action seems to have been arrested, and the partly or entirely 
consolidated plug was blown out into fragments and deposited amongst 
the piperno. 

Vesuvius has since the last report, up to the time of my last visit in 
May, shown very little variation. It will be remembered that lava was 
issuing at the site of the eruption of June 7, 1891, at the foot of the great 
cone, more than three hundred metres below the summit at the junction 
with the Atrio del Cavallo, and nearly opposite the Punta del Nasone. 
This outpour practically never stopped-—at times it increased to no incon- 
siderable quantities, but flowed only a short distance, on account of the low 
gradient, tending to pile itself up intoa mound. On other occasions it 
seemed to become almost arrested, but it never practically stopped. The 
consequence of all this was that at the foot of the great cone in the Atrio, 
during the year from June 1891 to June 1892, a tremendous mound 
or low-pitched buttress had been built up, so that its highest part I 
estimate to be 20 m. above the old floor of the Atrio. This thickened 
away in all directions, but even under the escarpment of Somma, the 
present floor stands for considerable distances over 5 m. higher. In con- 
sequence of this many of the dyke numbers which cost me so much 
labour to put up some years since have been covered over. These I 
hope to be able to replace this winter, and to repaint all the rest that are 
now becoming obliterated. It will be remembered that these numbers 
correspond with the dykes figured in my geological map of Vesuvius, and 
all collectors now adopt these numbers to indicate the locality of the 
dyke from. which the specimens are obtained. Professor Bassani has 
added a new and complete collection of these interesting dyke rocks to 
the Naples Museum, and has arranged them according to my numbering. 
The great importance of maintaining this numbering intact will be 
seen. 

The actual details of the variations in the activity are as follows. 
During the summer and autumn of 1891 more crumbling in of the crater 
edges took place, followed by black sand and dust-charged vapour. The 
outpour of lava from the base of the cone in the Atrio from time to time 
almost stopped, to be followed again by fresh gushes. On the first day 
of December a marked extension took place to the south and south-east of 
the crater by the further crumbling in of its edges. On the last day of 
the old year and commencement of 1892 the outflow was much accen- 
tuated. During January and February few variations were observable, 
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but on March 17 and 18 slight reflection from the crater was visible for 
the first time for nearly a year, showing the rise of the lava in the 
chimney, due certainly in part from blocking of the lateral channel, as the 
outflow of Java below was markedly diminished. On the 21st the activity 
at the crater was distinctly at the first degree, but on the 22nd the second 
degree was attained. On that evening, however, a gush of lava showed 
the removal of the lateral obstruction to its outflow, and the central 
activity so diminished that the following night no reflection was visible. 
On March 29 and 31 the crater again showed the first degree of activity. 

This was followed during the first week of April by a fresh outflow of 
lava, which still more increased during the next week. During the first 
four days of the month feeble reflection was from time to time visible 
from the crater. On the 12th, black dusty smoke was puffed out from 
time ta time. On visiting the Atrio, I found the lava that flowed had 
formed the mound above spoken of, surmounted by fumaroles. 

During the night of May 3-4 fresh portions of the crater wall 
collapsed and blocked the vent, so that during the following day hardly 
any vapour crowned the summit of the volcano. By the next day the 
increased tension of the vapour was sufficient for it to force its way 
through the obstruction, and much black sandy smoke escaped during 
the 5th, 6th, 7th, and 8th. Obstructing masses that had detached them- 
selves from the crater sides again plugged the vent on the 27th and 28th; 
the next day dark, sandy, and dusty smoke was emitted. 

The flowing lava showed few new phenomena, with the exception of 
the fine examples of conical and tubular spiracles formed above the lava 
exit at the same locality, being above one set figured in the last report, 
now buried. 

One is unique on account of its curved overhanging form. As was 
seen in the photograph exhibited, it was ejected at the highest point of 
the new lava, and quite at the foot of the great Vesuvian cone. I can 
only explain its inclination at the lower part, by supposing that the 

vapour and lava fragments were projected upwards and outwards in a 
plane radial to the volcanic chimney which corresponds with the orienta- 
tion of the fumarole. This lateral projection seems to have gone on for 
some time, so that many of the blobs of lava blown ont fell, and formed a 
support for the inclined tube. As the blasts escaped more feebly the 
edges of the mouth became more solid, and so the lower lip diverted the 
column more in an upright direction, until the growth became almost 
vertical. The whole effect is to produce a large mass somewhat re- 
sembling a recumbent animal with its neck and head erect. 

About twenty yards more distant from the foot of the cone was another 
large, obtuse, conical-shaped fumarole, which had been broken away on 
one side, and weli exhibited the dome-like interior covered by stalactitic 
lava, as shown in a photograph exhibited. These two specimens con- 
stitute very fine examples of the spiracles which may be built up on 
the surface of a coarsely crystalline lava, such as that now issuing from 
Vesuvius. They differ very considerably from those described and illus- 
trated by Dana and others from Hawaii, and from those formed on acid 
lavas at Réunion, of which one or two figures have been published. 

At the summit of the great cone few changes have occurred beyond the 
further enlargement of the crater. When slips took place from the edges, 
dark dust-laden vapour was puffed out from time to time. On one or 
two occasions the lava rose sufficiently high in the chimney, combined 
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_ with the sufficiently strong explosions, to project a few lava cakes beyond 


the crater edges. The bottom of the crater has been invisible owing to 
the large amount of vapour present on each occasion when I visited 
the mountain summit. 

Since I quitted Naples an actual crateret has opened in the Atrio at 
the point where these fumaroles stood, and several gushes of lava have 
taken place. I shall more fully report on these new phases on my 
return to Naples. 


Report oj the Committee, consisting of Mr. G. J. Symons, Mr. C. 
Davison (Secretary), Sir F. J. Bramwe.t, Mr. E, A. COWPER, 
Professor G. H. Darwin, Professor J. A. Ewrna, Mr. Isaac RoBerts, 
Mr. Tuomas Gray, Dr. Joun Evans, Professors J. PRESTWICH, E. 
Hui, G. A. Lesour, R.. Metpoua, and J. W. Jupp, Mr. M. 
Watton Brown, and Mr. J. GuAIsHER, appointed to consider 
the advisability and desirability of establishing in other parts 

_ of the country Observations upon the Prevalence of Karth Tre- 
mors similar to those now being made in Durham vm connection 
with coal-mine explosions. 


During the past year the attention of the committee |has been directed 
to ascertaining what instruments have been devised in other countries 
suitable for the work with which your committee is charged. They 
believe that that list is now nearly complete, and in their next report 
they propose to fully describe and illustrate these devices, as they are 
sure that such a collection of descriptions would be extremely useful. 

This list will certainly contain the following instruments, and probably 
others of a simpler and less expensive character. 

1. The nadirane erected by M. Wolf in the observatory of Paris. 

2. The pendulum with double-suspension mirror employed by Messrs. 
G. H. and H. Darwin at Cambridge in their attempt to determine the 
lunar disturbance of gravity. 

3. The tromometer used by P. Bertelli at Florence, and by other ob- 
servers in Italy and Switzerland. 

4. The tremor recorder of Professor J. Milne used by him in Japan. 

- Mr. Horace Darwin has recently invented another form of pendulum, 
smaller and less delicate than the one referred to above. This instru- 
ment has been made by the Cambridge Scientific Instrument Company, 
and Mr. Darwin has generously offered to place it temporarily at the 
disposal of the committee. Experiments will be made with it shortly, 
an account of which the committee hope to give in their next report. 

The committee request that they be reappointed, with the addition of 
Professor C. G. Knott and Professor J. H. Poynting. 
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Report of the Committee, consisting of Dr. P. L. Sctater, Professor 
Ray Lankerstrr, Professor Cossar Ewart, Professor M. Fostr, 
Mr. A. Srpewick, Professor A. M. Marsnatt, and Mr. Percy 
Siapen (Secretary), to appoint Mr. Wiiixy to investigate the 
Morphology of the Ascidians at the Zoological Station at Naples, 
or, failing this, to appoint some other competent investigator to 
carry on a definite piece of work at the Zoological Station at 
Naples approved by the Council. 


Your Committee have the pleasure to report that the table at the Naples 
Zoological Station hired by the British Association has been continuously 
occupied since the beginning of October last by Mr. Arthur Willey. 
Mr. Willey, who is still in Naples and does not expect to complete his 
work before the middle of August, has furnished a preliminary report | 
upon the investigations he has undertaken whilst occupying the table. 
The report in question is appended, and is one to be regarded with 
satisfaction. 

The Committee have received an application for permission to use the 
table from Mr. Cecil Duncan, who proposes to investigate the effect of 
different rays of light upon Algz containing different coloured pigments— 
a subject of great interest from both the chemical and the biological 
standpoint. Mr. Duncan proposes to commence work at Naples on 
August 15. This application has been unanimously approved by your 
Committee, and they trust that the Association will sanction the payment 
of the grant of 100/., as in previous years, for the hire of the table in 
the Zoological Station at Naples. 

The importance of the work carried on by the Zoological Station at 
Naples and the admirable organisation of the institution for the purposes 
of research are now so universally recognised that your Committee feel it 
would be superfluous to recapitulate the advantages to the Association— 
and through the Association to all British naturalists—of maintaining the 
right to participate in this great international undertaking. 

The details extracted from the general report of the Zoological Station, 
which have been courteously furnished by the officers of the Station, 
afford the most convincing evidence of the progress and success of the 
institution. The details referred to, which will be found at the end of 
this report, embrace lists (1) of the naturalists who have occupied tables 
since the last report; (2) of the works published during 1891 by natu- 
ralists who have worked at the Zoological Station; (3) of the specimens 
sent out by the Station during the past year. 

The progress of the various publications undertaken by the Station is 
summarised as follows :— 

1. Of the ‘Fauna und Flora des Golfes von Neapel’ the first three 
monographs mentioned in last year’s report—viz., on ‘Gammarini,’ by 
Prof. Della Valle; on ‘ Balanoglossus,’ by Prof. Spengel; and on ‘ Pelagic 
Copepoda,’ by Dr. Giesbrecht—will probably be published at the end of 
the present or the beginning of the next year, the text and plates being 
now nearly ready. Hach monograph will run to about 800 pages of text, 
with accompanying illustrations. The delay during the past year in the 
publication of this costly series of monographs has arisen solely from the 
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great extension of the works themselves. All who are acquainted with 
the monographs previously issued and with the character of the research 
involved will readily appreciate this circumstance. It is doubtful if any 
other similar institution has produced so large a series of works as those 
already published within the same time. 

2. Of the ‘Mittheilungen aus der Zoologischen Station zu Neapel,’ 
vol. x., parts i. and ii., with 22 plates, have been published. 

3. Of the ‘ Zoologischer Jahresbericht’ the whole ‘ Bericht’ for 1890 
has been published. 

4. Of the ‘Guide to the Aquarium’ a new English edition has been 
published. All four editions—English, German, Italian, and French— 
are now illustrated. 


I. Report on the Occupation of the Table. By Mr. Antuur WILLEY. 


I came to Naples with the object of studying Ascidian development 
from the point of view of the close relationship believed to exist between 
the aia and Amphioxus. I had already made a study and pub- 
lished an account of the post embryonic development of Amphiowus,' 
which revealed certain fresh points of contact between the two groups, 
especially with regard to the behaviour of the endostyle. Having now 
had an opportunity of making personal observations on the development 
of some of the Ascidians, I have arrived at certain conclusions which 
differ considerably from the position which I assumed in the paper above 
quoted, and which I venture to think not only show the relations between 
the Ascidians and Amphioxus to be closer than was formerly supposed, 
but also render them more intelligible. 

I attempted at the outset to obtain the embryos of Appendicularia, . 
but after a long and wearisome search was unsuccessful, and accordingly 
turned my attention to the embryonic development of the curious and 
well-marked Ascidian, Cynthia papillosa, Linn., which spawned in the 
tanks in the month of November. 

The eggs of this form are very opaque, and I had to make use of 
transverse, horizontal, and sagittal sections. There is a considerable 
quantity of yolk, and the gastrulation is preceded by what Davidoff calls 
a ‘plakula-stage.’ The mesoderm consists at first of an arc of cells lining 
the posterior wall of the blastopore. It does not form a ring surrounding 
the blastopore. It is easy to distinguish the mesodermal cells from the 
endodermal on account of the practical absence of yolk in the former, 
while in the latter cells the innumerable yolk spheres become very darkly 
stained with osmic acid. The notochord arises purely from the endoderm, 
“ there is no question of a common ‘Anlage’ of mesoderm and noto- 
chord. 

It is a curious fact that the eggs of this Ascidian only underwent 
segmentation at night, just as is the case with the eggs of Amphiowus, 
not that this is anything more than an analogy. Most of the young 
tadpoles of this species, while still enclosed within the vitelline membrane, 
instead of curving round ventrally, curved round dorsally. Whether it 
was a pathological phenomenon or whether it occurred as a variation, I 
eannot decide, but it is in any case interesting from the fact that the 
dorsal curvature was almost invariably accompanied by what may be 


1 See Quart. Jowrn. Microse. Sci. vol. xxxii., March 1891. 
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described as a hypertrophy of the anterior end of the notochord, in that 
it either extended unusually far forwards, or, as was more frequently the 
case, it bent round sharply on itself in front. 

The tail arises as a solid outgrowth from the body of the larva, con- 
taining the greater part of the notochord, some mesodermic elements in 
the form of two lateral plates of cells, and some endoderm in the shape of 
a median ventral cord of cells, two deep. 

The intestine of Ascidians is in all probability entirely homologous 
with that of Amphiorus, including the possession of a cecum; and its 
U-shaped curvature is apparently, in accordance with the reflections of 
Lang, to be correlated with the sessile habit of the Ascidians. An in- 
teresting parallel for this is afforded by the comparison of Cephalodiscus 
and Balanoglossus. 

Being unable to rear the embryos of Oynthia papillosa beyond the tad- 
pole stage, I commenced to work at the post-embryonic development of 
Ciona intestinalis. I have already sent up a short résumé of part of my 
researches on this form, together with some which I instituted on 
Clavelina lepadiformis for purposes of comparison, for publication in the 
‘Proceedings of the Royal Society.” The paper in question was read 
before the Royal Society on May 18 of this year (1892). It contained 
an account of what I called a proboscis cavity, which, on account of its 
primary relative position to the endostyle, I homologised with the head 
cavity or pre-oral ccelom, or, in short, proboscis cavity of Amphioxus taken 
in conjunction with the pre-oral pit. 

In Ciona as in Amphioxus the primary axis of the endostyle is at right 
angles to its definitive axis, and it lies in both cases tout-d-fait anterior— 
that is to say, immediately behind the cavity of the proboscis. The latter 
structure in Civna carries at its anterior extremity the three adhering 
papille. 

The first four primary stigmata of Ciona arise on each side by sub- 
division of one gill-slit, and not, as van Beneden and Julin assumed in 
Phallusia scabroides, by separate perforations. This gill-slit I have 
called the true first gill-slit of Ascidians, and homologised the pair of them 
with the first pair of slits of Amphioxus which I have previously described 
as closing up in the course of the metamorphosis. 

In Ciona the heart arises by the splitting apart of the two layers com- 
posing the septum, which at first divides the pericardium into two halves, 
while in Olavelina, as shown by van Beneden and Julin, the correspond- 
ing septum breaks down, and the heart forms by invagination of the 
dorsal wall of the pericardium. 

In both Clavelina and Ciona the hypophysis is at first in free com- 
munication with the cerebral vesicle ; itis, in fact, largely formed by con- 
striction from the wall of this vesicle. This isin profound opposition to 
the account of van Beneden and Julin, who state that in Olavelina the 
hypophysis arises entirely by a cecal outgrowth from the wall of the 
branchial cavity. I am absolutely at a loss to explain how they came to 
this result. My observations were first of all made on the larve of 
Ciona, where the organs are extremely small and difficult to interpret ; but 
still I convinced myself of the true condition of things, and immediately 
assumed that in Clavelina the formation of the hypophysis occurred in a 
rather different manner, which could be explained by the great modifica- 
tion which Olavelina shows in its general development. When, however, 
I came to examine how matters stood in the larva of Clavelina, I saw at 
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once that the relations of the hypophysis to the cerebral vesicle were 
most emphatically the same as I had found them in Ciona. 

In the case of Clavelina the difficulty is not to see the connection of 
the lumen of the hypophysis with the cerebral vesicle. 

From the observations of Kowalewsky as well as from my own, I 
think it extremely probable that the opening of the hypophysis into the 
branchial cavity is really the neuroporus, which is carried inside with the 
stomodeal invagination. Further, from a consideration of their respective 
relations to the cerebral vesicle, I regard the hypophysis of Ascidians and 


_ the so-called ‘ olfactory pit’ of Amphiozus as homologous structures. 


The reason why the ‘olfactory pit’ of Amphioxus does not open into 
the buccal region of the pharynx is, that the mouth has been shifted from 
its primitive relation to the neuroporus by the remarkable forward exten- 
sion of the notochord, the special character of which, necessitating a 
special explanation, was recognised fifty years ago by Kolliker. 

Latterly the larvee of Amphiowus have turned up in large quantities in 
the Bay of Naples, and I have been studying the distribution of the 
cranial nerves and the peripheral ganglion cells by means of the methyl- 
blue method of Ehrlich, by means of which it is possible to stain the 
living larve, especially the nervous tissue. 

In this way also I have been able to control my former observations 
on the metamorphosis of the larva of Amphiowus. 

Iam about to publish a full account of the above researches i in the 
‘Quarterly Journal of Microscopical Science.’ 

In conclusion, I beg to express my best thanks to the Committee of 
the British Association for appointing me to the use of the table at 
Naples. 


IL. A List of Naturalists who have worked at the Zoological Station from 
the end of June 1891 to the end of June 1892. 


Num- State or University Duration of Occupancy 
ber on Naturalist’s Name | whose Table 

List was made use of . Arrival Departure 

| ——EEEEE—E—— 
622 | Prof.S.Apithy .| Hungary. . ./ July 2,1891| Oct. 9,1891 
623 | Prof. A. Della Valle . | Italy 3 : OM tule aber INOVS 2," (5 
624 | Dr. R. Staderini P ‘i : 3 Pil aii fe See ae Aug.29, ,, 
625 | Dr. U. Rossi. a or : : eee Glee SON “its 
626 | Mr. D. Rossinsky . | Russia . : will Mase LOS ess saints Os) fey 
627 | Dr. F. 8. Monticelli . | Italy : Hearn die. = 
628 | Dr.G. Mazzarelli . af 5 2 ald ate en [ie a a 
629 | Prof. J. Steiner. ~ | erussian . : se LORen se a leeAip 293". 
630 | Dr.C.Crety . . | Italy 5 . , PS pPeee eNOS By “45 
631 | Prof. A. Goette. . | Strasburg F ; eo GS, 85, Oct. 21, ,, 
632 | Dr. J. H. F. Kohl- | Holland . : ieee my ieee) SNOW iG, «55 

briigge. | 
633 | Dr. V. Hicker . .| Baden. : Silly oh. ea een Oct, 26505. 
634 | Dr. E. Germano . | Italy : fd ibisieaig iG 5 = 
635 | Dr. K. W. Zimmer- | Academy, Berlin : Seer as BA Oche Shuey 
mann. 

636 Dr. L. Zoja 5 2 Italy 2 . . ” Us ” ” 28, ” 
637 Dr. R. Zoja . fe . . ” 7, ” ” 28, ” 
638 | Dr. H. Driesch . Hamburg i 28, 95,08 Apres 4elegg 
639 | Dr. C. Herbst | Academy, Berlin s Any jot Bune 
640 | Dr. W. Miller . . | Prussia . : bemOcte L,. 1, ° | Websabgues 
641 | Mr. E. W. MacBride.| Cambridge . . ee Oa Is; — 
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Num- State or University Duration of Occupancy 

ber on Naturalist’s Name whose Table 

List was made use of Arrival Departure 
642 | Mr. A. Willey British Association . | Oct. 8, 1891 = 
643 | Dr. O. Visart Italy Nov.11, ,, | Jan. 15,1892 
644 | Ten. A. Navarrete Spain Dec. 8, 5, — 
645 | Dr. C. Pictet Switzerland ae els ere Mars2i i ans 
646 | Prof. G. Gilson . Belgium . else APY UZ, ss 
647 | Prof. W. Salensky Russia ae ays ay 20S 
648 | Dr. G. Cano Italy Jan. 1,1892 — 
649 | Dr. A. Russo 45 ay) My -- 
650 | Dr. G. Jatta 3 xp 59 15.43 — 
651 | Dr. G. Raffaele . a9 Sil plete — 
652 | Dr. R. Heymons Prussia 3, oda. 35) le layee Ds mics 
653 | Dr. R. von Erlanger . | Baden Sete Ost ass _ 
654 | Dr. S. Bonaduce Italy ile lahat, — 
655 | Cand. J. Hjort . Bavaria ‘ ; Aires eet May 2, 4, 
656 | Prof. E. B. Wilson Amer. ‘ Davis’ Table ee ce rhc — 
657 | Dr. A. Krupenin Russia FLOR AGS June20, ,, 
658 | Dr. O. zur Strassen Saxony . : 3 Pre or — 
659 | Dr. G. Antipa . . | Zoological Station . | Feb.14, ,, — 
660 | Prof. A. de Korotnefft | Russia cies Be Vp 2, 
661 | Stud. A. Graber Austria . Mar. 5, 15; (SA Goi, 
662 | Dr. F. Rdhmann Prussia subeibe. ky  pLOS tas 
663 | Dr. W. Nagel . . | Wiirtemberg Stee lis eee Sota Geass 
664 | Prof. M. von Lenhos- | Hungary . Beat ol gts ees a LD,! Mio 

sék. ‘ 
665 | Dr. K. W. Zimmer- | Prussia pas Uc he nye teensy 
mann. 

666 | Dr. R. Gottlieb. . | Austria 53 Ose is ea ees oa 
667 | Dr. J. von Uexknell | Wiirtemberg sare Oe ee May 17, ,, 
668 | Prof. W. von Schréder | Strasburg a) take Apr. 14, ,, 
669 | Mr. H. Pollard . Oxford : : 3h BOF _— 
670 | Dr. H. K. Corning Austria . F « | Apr.” 6; -352¢|\Mayalo =. 
671 | Dr. A. Kreidl : 4 jr Os ee 53 ues dipas 
672 | Dr. O. Buchner. Wiirtemberg wat! ©2053 48} — 
Ooms Orb. Dean. . . Bavaria aye Liles June 3, 5 
674 | Prof. G. von Koch Hesse May Wis. 95 — 
675 | Dr. V. Faussek . Russia syn heeey = 
676 | Dr. D. Carazzi . Italy ia 255 ints a 
677 | Prof. 8. Apathy. Hungary . June 9, ,, — 


QI. A List of Papers which have been published in the year 1891 by 
the Naturalists who have occupied Tables at the Zovlogical Station. 


Dr. O. Lubarsch 
Dr. H. Griesbach 
Dr. W. Marcuse . 


Prof. H. Ludwig 


Dr. G. Cano : F 


erworbenen Immunitit. 


tomie,’ Bd. 37, 1891. 


sert.,’ Breslau, 1891. 


Beitriige zur Histologie des Blutes. 


Zur Entw.-Geschichte der Holothurien, I. 


Preuss. Akad. d. Wiss.,’ Berlin, 1891. 


Napoli,’ Anno 5, 1891. 


% . Zur Ent.-Geschichte der Holothurien, II. bid. 
Sviluppo postembrionale della Gebia, Axius, Callianassa, 
e Calliaxis. Morfologia dei Talassinidi. 


Untersuchungen iiber die Ursachen der engeborenen und 
Berlin, 1891. 
‘Arch. f. mikr. Ana- 


Beitrige zur Kenntniss des Stoffumsatzes in dem thitigen 


elektrischen Organ der Zitterrochen, &c. ‘Inaug. Dis- 


‘Sitz. Ber. K. 


‘ Boll. Soc. Nat. 
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Dr. G. Cano 


” 


” 


Dr. C. de Bruyne 
Dr. A. Russo . 


” 


»” 


Prof. J. Riickert 
Dr. F. S. Monticelli 


” ” 


Dr. Monticelli and Dr. 


Crety 
Dr. K. Fiedler 


Dr. O. Birger. 


” 


Dr. P. Mingazzini . 


Dr. P. Cerfontaine 4 


Dr. B. Rawitz . 


” 


Dr. C. Schneider 


Dr. A, Coggi . 
Dr. H. L. Russell 


Dr. M. Verworn 


Dr. J. Gogorza 


Sviluppo postembrionale dei Dorippidei, Leucosiadi, Cory- 
stoidei e Grapsidi. ‘Soc. Ital. delle Scienzi,’ T. 8, 1891. 

Sviluppo postembrionale dello Stenopus spinosus Risso. 
Studio morfologico. ‘ Boll. Soc. Nat. Napoli,’ Anno 5, 
1891. 

Ueber Geotropismus bei Thieren. ‘ Arch. f. d. ges. Physio- 
logie’ (Pfliiger), Bd. 49, 1891. 

Ueber den Antheil der Hérnerven an den nach Gehirn- 
verletzung auftretenden Zwangsbewegungen, &c, ‘ Pflii- 
ger’s Archiv,’ Bd. 50, 1891. 

Untersuch. zur physiol, Morphologie der Thiere, II. ‘ Or- 
ganbildung u. Wachsthum,’ Wiirzburg, 1891. 

Les Monadines et leur place systématique. ‘Bull. Soc. 
Belg. de Microscopie,’ T. 17, 1891. 

Fasi di sviluppo del sistema acquifero e dello scheletro 
calcareo nell’ Amphiura squamata. ‘ Anatom. Anzeiger,’ 
Jeg. 6, 1891. 

Ricerche citologiche sugli elementi seminali delle Ophi- 
urez, &c. ‘Intern. Monatsschr. f. Anat. u. Physiol.,’ Bd. 8, 
1891. 

Die Keimblitterbildung bei Amphiura squamata, 
Anz., Jgg. 14, 1891. 

Zur Befruchtung des Selachiereies. ‘ Anat. Anz.,’ Jge. 6, 
1891. 

Di alcuni organi di tatto nei Tristomidi, Parte I. ‘ Boll. 
Soc. Nat. Napoli,’ Anno 5, 1891. 

Osservazioni intorno ad alcune forme del Genere Apo- 
blema Dujard. ‘ Atti R. Accad. Scienze,’ Torino, vol. 26, 
1891. 

Della spermatogenesi nei Trematodi. Nota riassuntiva. 
‘Boll. Soc. Nat. Napoli,’ Anno 5, 1891. 

Ricerche intorno alla sottofamiglia Solenophorine. 
*Memorie R. Acc. Sc. Torino, T. 41, 1891. 

Entwickelungsmechanische Studien an Hchinodermen- 
Hiern. ‘ Festschrift Nigeli-K6lliker,’ Ziirich, 1891. 

Ueber Attractionssphiren in den Zellk6rpern einer Leibes- 
fliissigkeit. ‘Anat. Anz.,’ Jeg. 6, 1891. 

Die Enden des excretorischen Apparates bei Nemertinen. 
‘Zeitschr. f. wiss. Zoologie,’ Bd. 53, 1891. 

Vorl. Mittheilungen iiber Untersuchungen an Nemertinen 
des Golfes von Neapel. ‘ Nachr. Ges. Wiss,’ Gottingen, 
Jgg. 1891. 

Gregarine Monocistidz, nuove 0 poco conosciute del Golfo 
di Napoli. ‘ Rendic. R. Acc. dei Lincei,’ vol. 7, 1891. 

Le Gregarine delle Oloturie. did. 

Notes préliminaires sur l’organisation et le développement 
de différentes formes d’Anthozoaires, 22me communica- 
tion. ‘ Bull. Acad. Roy. Belgique,’ T. 22, 1891. 

Ueber Pigmentvernhiebungen im Cephalopodenange unter 
dem Einfluss der Dunkelheit. ‘ Zool. Anz.,’ 1891 

Zur Physiologie der Cephalopendenretina. ‘Archiv f. 
Anat. u. Physiologie, Physiol. Abth.,’ 1891. 

Hinige histologische Befunde an Coelenteraten. 
Anz.,’ 1891. 

Le vescicole di Savi e gli organi della linea laterale nelle 
Torpedini. ‘ Rendic. Acc. Lincei,’ vol. 7, 1891. 

Sullo sviluppo delle Ampole di Lorenzini, bid. 

Untersuch. iiber im Golfe von Neapel lebende Bacterien. 
‘ Zeitschr. f. Hygiene u. Infections-Krankheiten,’ Bd. 11, 
1891. 

Gleichgewicht u. Otolithenorgan. Experimentelle Unter- 
such. ‘ Pfliiger’s Archiv,’ Bd. 50, 1891. 

Influencia del agua dulce enlos animales marinos. ‘ Anal. 
de la Soc. Esp. de Hist. Nat.,’ T. 20, 1891. 


‘ Zool. 


‘ Zool. 
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Dr. Kruse and Dr. Pan- 
sini 


Dr. W. His, jun. 


Prof. Ph. Knoll 

Dr. F. Schiitt . 

Mr. 8. F. Harmer . 
Dr. G. Mazzarelli 
Dr. R. Zoja 

Mr. G. Bidder 

Mr. H. Ward . 
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Untersuch. tiber den Diplococcus pneumoniz u. verwandte 
Streptokokken. ‘Zeitsch. f. Hygiene u. Inf.-Krkhitn.,’ 
Bd. 1), 1891. 

Die Entwickelung des Herznervensystems bei Wirbel- 
thieren. ‘Abth. math. phys. Classe Sachs. Ak. Wiss.,’ 
Bad. 18, 1891. 

Ueber Protoplasmaarme u. Protoplasmarische Muskulatur.’ 
‘Denkschr. Wiener Ak. M. N. Cl.,’ Bd. 58, 1891. 

Sulla formazione scheletrica intracellulare di un Dinofla- 
gellato. Neptunia, No. 10, 1891. 

On the Nature of the excretory processes in marine Poly- 
zoa. ‘Quart. Journ. Micr. Science,’ vol. 32, 1891. 

Note Anatomiche sulle Aplynidz. ‘ Boll. Soc. Nat. Napoli,’ 
Anno 5, 1891. 

Sulla trasmissibilita degli stimoli nelle colonie di Idroidi. 
‘Rend. R. Ist. Lombardo,’ vol. 24, 1891. 

Su aleuni esemplari di Dendroclava Dohrnii, Weismann. 
‘Boll. Scientif..’ Pavia, 1891. 
Notes on Calcareous Sponges. 

Science,’ vol. 32, 1891. 

On some points in the Anatomy and Histology of Sipun- 
culus nudus, L. ‘Bull. Mus. Comp. Zool.,’ Harvard 
College, vol. 21, 1891. 


‘Quart. Journ. Micr. 


IV. A List of Naturalists, §c., to whom Specimens have been sent from the 
end of June 1891 to the end of June 1892. 


1891. July 3 Anatom. Inst., Christiania Amphioxus . 4-90 
+ 7 Owens College, Manchester Collection . 343-20 
_ 10 Zoolog. Inst., Heidelberg . Worms : - f 15- 

45 » Anatom. Dep., Oxford ; . Various 261°35 
a‘ 15 Science and Art Mus., Dublin . Various 190- 

- », Mus. Municipal, Ponto Delgada Shells . 36°15 
os 16 Lab. di Patologia, Bologna . Embryos of Lacerta 6°80 
a 17 Packer College Inst., Brooklyn. Collection 240°45 
a 21. Zool. Inst., Munich . Various 68°25 
28 University College, London Crustacea, &c. 88°50 
34 30 A. Manzella, Florence Pelagia 9:70 

Aug. 14 Takata & Co., London : Collection 164- 

3 ;» Museo Zool. dai Vertebrati, Flo- Various 36°30 
rence. 

Sept. 1 Zool. Institute, Bale . Collection 313-05 
- » Anat. Dep., Oxford Cheetopoda . 101°10 
oe 2 Kunstgewerbe-Museum, Berlin Typical forms 67°25 
or », Zool. Museum, Moscow . . Various 115715 
4 Vassar College, Poughkeepsie . Collection . 310°80 
a », Trinity College, Cambridge Embryos of Pristiurus 42-20 
“A 10 Zool. Inst., Rostock . Collection - 35630 
4 » Anatom. Inst., Breslau . Embryos of Mustelus ‘ 13°45 
Es 11 A. Cole, Berkhamsted School Amphioxus . : 66 
rr » Anat. Dep., Oxford Collection . F . 1654:20 
e 22 Dr. B. Rawitz, Berlin Cephalopoda 33°05 
55 »  4ool. Inst., Gottingen 5 Arenicola 2°40 
. 23 Zool. Inst., Zurich Collection . : . 388°85 
» Zool. Sammlung, Zurich . Various : : - 74:70 
2 29 Durham College of Science, Collection . r - 200: 

Newcastle-on-Tyne. 
Oct. 6 Zool. Institute, Berlin a Collection . : > 60915 
Ss », A. Pichler’s Wve & Son, Vienna Various , c ' 11-25 
=A 13 Dr. L. Eger, Vienna. . Collection 455° 
a » Zool. Inst., Amsterdam Caulerpa . 3 4:65 
A » Prof. A. Froriep, Tiibingen Embryos of Torpedo i 24°25 
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Kreisrealschule, Munich . 


Oberrealschule, 
Vienna. 
J. Sinel, Jersey. 


Obergymnasium, Klausenburg 
Mr. G. W. Butler, Surbiton : 
Ateneo Galileo Galilei, Naples . 


Sechshaus, 


Zootom. Cabinet, Warsaw 


Gabinetto Zoologico, Perugia 
Prof. R. Bergh, Copenhagen 


Dr. P. Pelseneer, Ghent 
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Fifth Report of the Committee, consisting of Dr. P. L. Scrarrr 
(Chairman), Mr. GEorGE Murray (Secretary), Mr. W. Car- 
RUTHERS, Dr. A. C. L. G. Giinrner, Dr. D. SHarpP, Mr. F. DuCANE 
Gopman, Professor A. Newton, and Dr. D. H. Scorr, appointed 
for the purpose of reporting on the present state of our know- 
ledge of the Zoology and Botany of the West India Islands, 


and taking steps to investigate ascertained deficiencies in the 
Fauna and Flora. 


THIS committee was appointed in 1887, and it has been reappointed each 
year until the present time. 


ZooLoey. 


Of the naturalists mentioned in the last report as having undertaken 
the working out of groups, Lord Walsingham has published his account 
of the Microlepidoptera of the West Indies in the ‘ Proceedings of the 
Zoological Society.’ M. Simon has contributed to the same journal 
Part I, of his paper ‘On the Spiders of the Island of St. Vincent,’ and 
Herr Hofrath Brunner v. Wattenwyl has in the same place published his 
‘ Memoir on the Orthoptera.’ Interim reports as to progress have been 
received from the others. Mr. Peckham has postponed his paper on the 
Attide until his return from the West Indies, since he anticipates large 
additions to his knowledge of this part of the fauna of the islands. Mr. 


R. I. Pocock has undertaken the working out of the myriapods, scorpions, 
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and freshwater crustacea, and his memoir is in an advanced state of 
preparation. It will include those of St. Vincent and Grenada, and it 
may be recalled that he has already worked out those groups from 
Dominica. 

At the time of the last report Mr. Herbert H. Smith, the collector 
employed by Mr. Godman, was engaged in making collections in zoology 
in the island of Grenada. This collection has now been received in this 
country, and great part of it mounted under the direction of Dr. Sharp. 
From this island there are in his custody of mounted Coleoptera 16,700 
specimens, of mounted Hymenoptera 1,380 specimens, of mounted Hemi- 
ptera 1,215 specimens, of Hemiptera in spirit 400 specimens, of Ants in 
spirit about 600 specimens, of mounted Orthoptera 100 specimens—in all 
20,395 specimens. From the same island, and in the custody of Mr. 
Godman, there are (all of them mounted) of Diptera about 2,620 speci- 
mens, of Homoptera 380 specimens, of Hemiptera 1,195 specimens, of 
Neuroptera 112 specimens, of Orthoptera 100 specimens, of Hymenoptera 
227 specimens, of Lepidoptera 860 specimens—in all 25,889 specimens 
from this island—besides collections of land-shells. snakes, scorpions, 
myriapods, arachnida in spirit, é&c., not yet examined. 

A small collection of birds made by Mr. Elliott during his visit to 
Anguilla (referred to below) has been received and named by Dr. Sclater. 
A list of the species will be published in the ‘ Proceedings of the Zoo- 
logical Society.’ 


Borany. 


A paper by Mr. J. G. Baker ‘On the Vascular Cryptogamia of the 
Island of Grenada,’ based on the collections made by Mr. R. V. Sherring, 
who was sent to Grenada by the Committee during the winter of 1890-91, 
has appeared in the ‘ Annals of Botany,’ April, 1892. Among the orchids 
collected by Mr. Sherring and named at Kew there are a number of 
additions to the flora and several possible new species. 

So little result in the way of novelty or additions to our knowledge 
of distribution appeared to follow the explorations of the Committee in 
the matter of vascular plants that it was determined to devote attention 
especially to the cellular cryptogams, of most branches of which an im- 
perfect record existed. Mr. W. R. Elliott was accordingly sent to 
St. Vincent for a period of six months to collect cellular eryptogams, and 
with instructions to visit the little knownisland of Anguilla. Mr. Elhott 
has sent home extensive collections (nearly 1,000 numbers altogether, 
each well represented) from both islands, and they are now being worked 
out at the British Museum. A small collection of flowering plants from 
Anguilla which accompanied these possesses little interest. The fungi 
have been already described in part by Mr. George Massee in a paper in 
the ‘ Journal of Botany,’ and twenty species of this group new to science 
have thus far been discovered and here recorded. Mr. Antony Gepp has 
undertaken to work out the Musci and Hepatice, of which an extensive 
series has been collected; and Mr. George Murray has undertaken the 
Algz, from which group comparatively few novelties are expected, since 
he has recently catalogued the marine Alge of this region. The Lichenes 
have not been allotted. Mr. Elliott, having finished this part of his work, 
viz., St. Vincent, has proceeded to Dominica, an island from which a 
larger number of new records may be confidently anticipated, since it is 
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much less cultivated, is covered with dense forest, and possesses a greater 
range in elevation. 

The Committee recommend their reappointment with the following 
members :—Dr. Sclater (Chairman), Mr. George Murray (Secretary), 
Mr. Carruthers, Professor Newton, Mr. Godman, Dr. Giinther, Dr. Sharp, 
Dr. Scott, and Colonel Feilden. The Committee also recommend that a 
grant of 200/. be placed at their disposal for the continuation of their 
work. 


Second Report of the Comnvittee, consisting of Professor A. NEWTON 
(Chairman), Dr. W. T. Buanrorp, Dr. S. J. Hickson, Professor 
Riney, Mr. O. Sayin, Dr. P. L. Scuater, Mr. E. A. SmituH, and 
Mr. D. Suarp (Secretary), appointed to report on the present 
state of our knowledge of the Zoology of the Sandwich Islands, 
and to take steps to investigate ascertained deficiencies in the 
Fauna, with power to co-operate with the Committee appointed 
for the purpose by the Royal Society, and to avail themselves of 
such assistance in their investigations as may be offered by 
the Hawaiian Government. 


Your committee met that appointed by the Royal Society, and a joint 
committee was formed, with Professor Newton as Chairman, Dr. Hickson, 
Treasurer, and Mr. D. Sharp, Secretary. The joint committee decided to 
send out a competent collector to the islands, and finally selected, from 
among several candidates who presented themselves, Mr. R. C. L. Perkins, 
B.A., of Jesus College, Oxford. 

Mr, Perkins left England in February last, and reached Honolulu in 
March. Letters received from him since then give assurance that he is 
sparing no effort to carry out successfully the task with which he has 
been entrusted, and a case containing the material results of his first two 
months’ work in Oahu is now on its way to England by sea, its trans- 
mission by the nearest route being considered inexpedient. 

The Committee have left considerable discretion to Mr. Perkins in 
regard to his operations in the islands, and it being evident that the 
birds and some groups of molluscs are those which chiefly attract the 
amateur collector, he has rather devoted his attention to the rest of the 
fauna, which unless taken in hand by some body, such as this committee, 


-would probably not be investigated at all. At the same time, Mr. Perkins 


has been directed to pay attention to certain points in Ornithology and 
Malacology which require elucidation, and the Committee are confident 
that he will not neglect them. To attend to these points in Ornithology, 
to collect the Mollusca with special attention to their local range, and to 
make as complete a collection as may be possible of the other invertebrate 
fauna will, the Committee consider, occupy Mr. Perkins for fully two 
years. 

The Committee have no reason to think that Mr. Perkins is incurring 
any unnecessary expenses; but the cost of living and travelling in the 
islands is very considerable, and, in order to retain that gentleman’s 
services so as to complete the task in the way the Committee think de- 

aAa2 


356 REPORT— 1892. 


sirable, additional funds must be found. The Committee therefore request 
that they may be reappointed with the same powers as before, and that 
the sum of 2001. be placed at their disposal. 


Report of the Committee, consisting of Professor Ray LANKESTER 
(Chairman), Professor M. Foster, Professor S. H. Vinus, and 
Mr. S. F. Harmer (Secretary), appointed for the purpose of 
arranging for the occupation of a Table at the Laboratory of 
the Marine Biological Association at Plymouth. 


THE amount of the grant placed at the disposal of the Committee for the 
present year was 17/. 10s., being the unexpended balance of the grant of 
the previous year. 

The Committee have received four applications for the use of a table, 
but their funds have not allowed them to make more than three 
nominations, of which one was for a shorter period than was asked for. 

They have nominated— 


Mr. F. W. Gamble, B.Sc., of Owens College, Manchester, for 
two months from August 1, 1892. 

Mr. Edgar J. Allen, of University College, London, for six weeks 
from June 3, 1892. 

Mr. Gregg Wilson, M.A., B.Sc., Assistant to the Professor of 
Natural History at the University of Edinburgh, for one 
month from August 15, 1892. 


As has been the case on previous occasions, the Committee have 
included in the above periods the month which belongs to the Association 
free of charge. 

Mr. Gamble proposes to work at the Turbellarian Fauna of Plymouth 
Sound and its neighbourhood. Mr. Allen, who is already at Plymouth, 
intends to use his time there for the study of the development of Decapod 
Crustacea. Mr. Gregg Wilson proposes to investigate the Food of 
Fishes. 

The Committee expressed the hope in their last report that they 
would be able to give in their report for this year some account of the 
results arrived at by the persons who were appointed with the assistance 
of the grant made at the meeting of the Association in 1890. As these 
appointments fell within the months July-September 1891 it was 
obviously impossible to incorporate their results in the last report. The 
Committee are glad to be in a position to furnish the following infor- 
mation with regard to the results of their expenditure of 12/. 10s. of the 
previous grant :— 


I. Report on the Occupation of the Table. 
By Miss Fiorence Bucwanay, B.Sc. 


Last year, owing to the kindness of the British Association, I was 
enabled to spend the month of July at the Marine Biological Laboratory 
at Plymouth. I went down intending to work at some points in the 
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anatomy of Polychet worms, and to determine the amount of value to be 
attached to chete and parapodia of homologous segments as a means of 
classification. I found, however, that I must begin by identifying the 
different forms occurring at Plymouth, as very little work had been done 
there on Polychzts up to that time. Seeing that every Polychet has, 
on the average, a good many more than half a dozen names, and that 
each name belongs to about half a dozen different Polychets, this is no 
very easy task, and it has occupied me, on and off, since my return from 
Plymouth in the Zoological Laboratory of University College, London, 
and I am afraid is not yet complete. I obtained, altogether, over a 
hundred different species, some of them found, I believe, for the first time 
on our coast, and a few which seem to be new altogether. With regard 
to the collection of them, I have to thank my fellow-workers in the 
laboratory, and especially Mr. Garstang, for much help given me. I 
must also thank Mr. Cunningham for notes and drawings of some of 
the Plymouth Polychets found there up to that time, which he kindly 
placed at my disposal. With regard to the naming of them, I have 
received a good deal of assistance from an incomplete and as yet 
unpublished ‘Synonymous List of Polychet Worms,’ by Professor 
Haddon, which he has kindly put into my hands for revision and 
completion. 

The most interesting of the new forms obtained is a small Hunicid, 
resembling the genus Ophryotrocha of Claparéde and Metschnikoff (‘Z. f, 
w. Z.’ XIX. p. 184, Pl. XIII. fig. 2) in having the larval ciliated bands 
persistent in the adult. The shape of the jaws and parapodia (which I 
propose to figure in giving a full account of this small worm elsewhere), 
the possession of two pairs of prostomial tentacles instead of only one, and 
these both provided with stiff hairs not only in the young stages but in 
the adult, seem to me, however, to mark it off as a distinct genus, 
although certainly more nearly allied to Ophryotrocha than to any other 
known Annelid. There is a ciliated band on the prostomium, and one on 
each of the following segments. All the segments after the first two 
(and the last two or three in small specimens) have well-developed para- 
podia, each consisting of a chetigerous lobe containing both simple and 
compound chet, and a small cirrus. In the body-cavity and in the 
parapodia of most of the specimens eggs are to be found, which, curiously 
enough, like those of Ophryotrocha, are generally double, consisting, 
namely, of a large granular part, of a yellowish-brown colour, containing 
(in this case, but evidently not in the eggs of Ophryotrocha) the nucleus, 
and a smaller colourless part (containing the nucleus in eggs of Ophryo- 
trocha) which stains very deeply with carmine. Whether this smaller 
part represents a polar body or not remains to be determined. Sections 
show that at least, one pair of excretory organs is present in the shape 


‘of small tubes blocked up by yellow concretions lying in the second 


and third segments and (?) opening at the side of the second to the 
exterior. 

The only other form amongst those I have as yet examined which may 
rank as a new genus is a member of the family Ampharetea, differing from 
Samytha and Amage especially in having a large number of segments (at 
least thirty-seven) with uncinigerous pinnules behind those with bundles 
of capillary sete. It would either form a new genus with the Samytha 
pallescens of Theel (‘ Kongl. Sv. Vet. Ak. Handlingar,’ Bd. XVI.), which 
he places doubtfully as a Samytha, or the genus Samytha must be enlarged 
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to include, not only both these forms, but the genus Amage as well; or 
even both these genera might be swallowed up in the still older genus 
Sabellides. 

The other forms I collected at Plymouth I will here only just briefly 
enumerate in so far as I have at present identified them, leaving any re- 
marks I may have to make on them for publication in the ‘M.B.A. 
Journal,’ to which the director has asked me to contribute by degrees an 
annotated catalogue of the Polychets occurring near Plymouth. Although 
I have several specimens of species belonging to the families Polynoidea, 
Lycoridea, and Serpulacea, I have at present identified so very few of 
them, except the quite common ones, that I think it best to omit them 
altogether in the following list. I will mark with an asterisk those forms 
which I believe not to have been found on the British coast before. A ‘?’ 
attached to a name signifies either that, after examination, I am not quite 
satisfied with the identity of the specimen in my possession with the 
name I have given it, or that the specimen was not complete enough for 
specific characters to be determined. 


Fam. Amphinomea_ . . Euphrosyne foliosa, Aud. and Edw. 
Fam. Aphroditea 5 : oe aculeata, L. 
7 obtecta, Ehl. (?). 
Hermione hystrix, Sav. 
Fam. Eunicea; Sub-fam. 
Labidognatha . : . Hyalineecia tubicola (Miull.), Mgrn. 
Lysidice ninetta, Aud. and Edw. 
Nematonereis unicornis, Schm. 
Prionognatha . . . Lumbriconereis tricolor, Johnst. 
gracilis, Hhl. 
* Ophryotrocha-like genus—new. 


Fam. Nephthydea ; . Nephthys coeca, Fabr. 

Fam. Glycerea . ; . Glycera capitata, Oerst. 

Fam. Syllidea_. : . Syllis prolifera, Krohn (asexual and 
sexual 9 ). 


Syllis cornuta, Rthke. (asexual and sexual ¢ ). 
»  armillaris, Oerst. (?). 

Syllis (Eusyllis) lamelligera, Mar. and 
Bobr. (?). 

*Syllis, n. sp. (?). 

Amblyosyllis (Gattiola, Johnst.) spectabilis, 
Johnst. 

Exogone naidina, Oerst. (with laterally 
attached young). 

*Sylline brevipes, Clp. (?). 

Autolytus prolifer (Miill.), Gr. 3. 


Fam. Nerillide . ; . *Nerilla antennata (Schmidt), Clp. 
Fam. Hesionea . - . Castalia (Psammathe, Johnst.) punctata, 
Mill. 


Castalia arctica, Mgrn. 
*Magalia (Mar. and Bobr.), n. sp. 
Fam. Phyllodocea . . Phyllodoce lamelligera, Johnst. 
maculata, Mill. and Johnst. 
Eulalia viridis (Sav. ), Oerst. 


i tee De 


ON THE LABORATORY OF THE MARINE BIOLOGICAL ASSOCIATION. 359 


Fam. Phyllodocea  . . Eulalia bilineata, Johnst. 
punctifera, Gr. (?). 


” 


or 
Griffithsii, Johnst. fe of 
», flava, Oerst. (?). = rg 


problema, Mgrn. (?) 

* ., lobocephela, Schm. (?). 
Notophyllum polynoides, Oerst. 
Genetyllis Intea, Mgrn. 

*Mysta (Mgrn.), n. sp. 

Eteone picta, Qfg. 


Fam. Arenicolida \ . Arenicola marina, L. 
- ecaudata, Johnst. 
Fam. Spiodea_. : . lLeucodore ciliatus, Johnst. 


Scolecolepis vulgaris, Johnst. 
Nerine coniocephela, Johnst. (?). 


Fam. Magelonidea . Magelona (larva in two stages). 
Fam. Chetopterida . . Cheetopterus insignis, Baird. 
Fam. Cirratulida : . Dodecaceria concharum, Oerst. 


Cheetozone, sp. (?). 
Cirratulus borealis, Lam. 
Fam. Terebellacea; Sub- 
fam. Amphitritea . . Leprea lapidaria (L.), v. Mrzllr. (include 
L. textrix, Mgrn.). 
Lanice conchilega (Pall.), Mgrn. 
Nicolea zostericola, Mgrn., and young. 
Polymnia nebulosa (Mont.), v. Mrallr. 
Thelepus circinnatus (Fabr.), v. Mrallr. 


» _ Sp. (?). 
Pista cristata (Mill.), Mgrn. 
*Pista (?), n. sp. (or possibly new genus). 


Polycirrids . . Polycirrus aurantiacus, Gr. 
ke ak (Aphlebina) hematodes, Clp. 
a 7 pallidus, Clp. 
Fam. Ampharetea_. . Amphicteis Gunneri, Sars. 


*Sabellides, n. sp. (?). 
*Samytha (?), n. sp. (or new genus). 


Fam. Amphictenea . . Pectinaria belgica, Pall. 
Fam. Pherusea : . Siphonostoma diplochzetos, Otto. 
Fam. Hermellacea . Sabellaria alveolata, Lam. 


_ Although I am otherwise leaving the family Serpulacea unmentioned, 
I will just note that belonging to the tribe Amphicoride I found not only 
several specimens of Fabricia, but also two of Haplobranchus (A. G. Bourne), 
hitherto only known to occur at the mouth of the Thames. These were 
found in tide-pools not far from the mouth of the Yealm. 

With regard to the second object of my visit to Plymouth, namely, 
to find out how great or how little is the range of variation in homo- 
logous parapodia, I collected whilst there a large number of specimens 
of the only Polychet obtainable in any great abundance, namely, Nereis 
diversicolor, and have begun making camera drawings of parapodia of 
certain segments in each specimen. 
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Of course a list of specimens collected during a month’s stay at 
Plymouth cannot be taken as by any means a complete list of forms 
occurring there, and, while expressing my thanks to the British Associa- 
tion for so kindly allowing me the use of its table last year, I should 
like at the same time to express the hope that on some future occasion 
it will enable me to continue the work, and, having got over the drudgery 
of mere labelling, to pass on to some of the many interesting morpho- 
logical problems connected with Polychzts which remain to be worked 
out. 


II. Report on the Occupation of the Table. Some preliminary notes on the 
anatomy and habits of Alcyonium digitatum. By Mr. Sypnuy J. Hicx- 
son, W.A., Fellow of Downing College, Cambridge. 


Alcyoniwm digitatum is one of the most difficult Ccelenterates to kill 
in a fully expanded condition. In the first place it is only extremely 
rarely that the large proportion of the polypes of a specimen in an 
aquarium fully expand themselves, and when they are in that condition 
the slightest touch or irritation of any part of the colony causes an 
immediate contraction of the tentacles. Again, when a favourable 
opportunity arises it is found that all the neutral killing reagents, such 
as corrosive sublimate, &c., fail to kill the polypes before they have time 
to partially retract. The only method that gives tolerably satisfactory 
results is Lo Bianco’s No. I]. chromo-acetic acid method, and this of 
course partially dissolves the calcareous spicules. 

When a living specimen of an Alcyonium digitatum is examined in 
an aquarium the polypes may frequently be observed in various stages of 
expansion and retraction. Sometimes all the polypes are completely 
retracted, but I have never yet observed in any specimen all the polypes 
fully expanded at the same time. By far the most frequent condition of 
the Alcyonium is one in which afew polypes here and there are fully 
expanded; others expanded but with their tentacles contracted, and 
others only just protruding from the surface of the colony. 

These two stages are the normal ones that each polype passes through 
in reaching complete retraction from complete expansion. When the 
polype is completely expanded both the body-wall and the tentacles are 
delicate and transparent. 

The first stage in the retraction is the contraction of the tentacles. 
The crown of the polype becomes roughly octagonal in shape with an 
obtuse solid knob, the contracted tentacle, at each angle. 

In the next stage the contracted tentacles bend over towards the 
mouth, and concurrently with the retraction of the body of the polype 
they sink into a circular fold of the body-wall. 

The invagination of the polype then proceeds at the base until the 

crown covered by the fold of body-wall sinks below the surface of the 
colony. 
When the crown has sunk below the surface of the colony the aperture 
is closed by the folding of the delicate body-wall of the base of the 
polype over the crown; but when the colony enters into a state of com- 
plete contraction, as it does, for example, when it is taken out of the 
water for a few minutes, the tough obtuse surface of the colony contracts 
over this delicate base, leaving only a star-like slit to mark the position 
of the retracted polype. 
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The ectoderm is in the uninjured specimens composed of several 
layers of cells. Under unhealthy conditions the superficial layers are 
apt to slough. 

The stomodeum of each fully-developed polype opens into a long 
‘eolenteron that passes down to the base of the colony. In a longitudinal 
section through a branch of the colony the coelentera spread from the 
base in a fan-like manner towards the periphery. 

Between the ccelentera there is a dense, clear mesogloea containing 
spicules, endodermic cell-cords, a very delicate network of nerve (?) 
fibrils and cells. 

The young polypes originate in these endodermice cords, the ccelentera 
being developed later, and do not communicate directly with the ccelentera 
of the older polypes until they are nearly full grown. 

The endodermic cords are usually described as canals, but there is no 
evidence of the presence of a lumen. Numerous injection experiments 
failed to prove the existence of any cavity in these structures. 

The nerve (?) network can only be made out in fresh osmic acid 
preparations. It consists of a fine network of delicate fibrils connecting 
isolated mono-, bi-, and tri-polar cells. It is difficult to trace in the 
peripheral parts of the colony, the presence of a very large number of 
spicules making it very difficult to cut thin sections of the fresh 
tissues. 

When the tide is low in the tropics some forms of Zoophytes, such as 
Tubipora, Clavularia, Sarcophytum, the Astreide, and a few others, 
remain expanded until the water actually leaves the reefs, Others, on 
the other hand, suchas Heliopora, Millepora, and most of the Madrepores, 
completely retract while there is still a foot or more of water covering 
them. Some zoophytes, in fact, appear to anticipate low tide before 
others, and it occurred to me that this might be due, to a certain extent, 
to the development of a rhythm similar to the rhythmic movements of 
certain plants. 

In order to determine, if possible, the truth or falsity of this supposi- 
tion I made last autumn a series of experiments upon Alcyoniwm digita- 
tum in the tanks at the Plymouth Laboratory. 

I placed a number of specimens of Alcyonium digitatwm, collected 
partly in the shallow water of the Catwater and partly in deeper water 
off the Eddystone Lighthouse, in one of the tanks, and I noticed that 
nearly all of them contracted completely twice in every twenty-four 
hours for the first three or four days. 

Those that did not contract in this manner soon showed bubbles of 
gas in their tissues and commenced to putrefy. 

I also placed a number of specimens in another tank in which I 
arranged an artificial tide by means of syphons. It was so arranged that 
the water should run off—but not so completely as to leave the Alcyo- 
niums uncovered—in twelve hours and fill up again in twelve hours. 
The Alcyoniums contracted with tolerable regularity twice in twenty- 
four hours for the first two days, and then contracted quite irregularly, 
some only once, some twice. At the end of a fortnight two out of the 
three that remained in a healthy condition contracted regularly only once 
in twenty-four hours. ; 

These experiments appear to indicate, first, that there is a rhythmic 
contraction of the polypes of Alceyonium digitatwm in the normal condi- 
tions twice in every twenty-four hours; second, that a new rhythm may 
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be induced by an artificial tide of different duration to the natural! 
one. 

On the other hand, the results of the investigation are not altogether 
satisfactory, on account of, first, the large number of specimens that 
became unhealthy during the progress of the experiment; second, the 
fact that the only three specimens that survived in the tank with the 
artificial tide were taken from the deep water off the Eddystone. 

Far more satisfactory results would probably be obtained if experi- 
ments were tried upon a number of Alcyoniums taken from shallow 
water direct and placed in the tanks. Many of the specimens collected 
from the Catwater were probably taken by the trawlers from deep water 
and thrown overboard as they entered the harbour, and were in conse- 
quence in an unhealthy condition when collected. 

The subject, however, seems to me to be worthy of further investiga- 
tion. 


III. Report on the Occupation of the Table. By Mr. Arraur WILteEy. 


I spent six weeks in the laboratory at Plymouth during the months. 
of August and September 1891. 

I was at first engaged in the study of a new genus of compound 
ascidians from Japan, belonging to the family of the Didemnidz, and 
have already published a short description of it, in conjunction with my 
friend Mr. Asajiro Oka, in the ‘Quarterly Journal of Microscopical 
Science’ for January 1892. 

I also made observations on the tadpoles of Styela grossularia, and of 
another small red and white Ascidian which lives on shells and stones at 
the bottom of the Scund, and occurs in mulberry-like masses, and which 
I take to be Polycarpa glomerata. In these forms the embryonic 
development up to the stage of the free-swimming tadpole takes place in 
the peribranchial chamber, a portion of which is converted into a special 
brood pouch traversed by vascular trabecule. The tadpoles of these 
Ascidians are remarkable for possessing a complete ring of hollow ecto- 
dermic tentacle-like processes which surroands the anterior portion of 
the larva, at the extremity of which are borne the three adhering papille. 
The mouth is not enclosed by this ring of tentacles, but lies outside it. 
Similar tentacles occur in the tadpoles of the Botryllide and the Didem- 
nidee. 

Their presence in Simple Ascidians is rather extraordinary, and seems 
to.occur in correlation with the fact, already mentioned, that in these par- 
ticular Simple Ascidians, by way of an exception, the development up to 
the tadpole stage takes place in the body of the parent. The large 
quantity of yolk which renders the eggs and larve of these forms so 
opaque must also be brought into relation with the mode of development. 
It seems to be a general rule that in the Simple Ascidians the embryonic 
development is a pelagic one, while in the Compound Ascidians the 
development takes place in some part or other of the parent colony. To 
this rule, of course, the two species of Simple Ascidians mentioned above 
form exceptions. 

In the living tadpole blood can be seen flowing into the tentacles. 
They are capable of distension and contraction according to the degree 
of turgidity in which they are kept by the blood inside them. Their 
actual function is at present that of accessory adhering organs. When 
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the larva fixes itself in the usual way by the three adhering papille, the 


whole anterior portion of the body becomes drawn in or introverted, and 
the body of the larva presents an antero-posteriorly flattened appearance 
with a cup-shaped depression in front, round which the tentacles project 
and attach themselves by their free extremities to the surface to which 
the larva has fixed itself, which may be a rock or another Ascidian of 
the same species. I have referred to these tentacle-like processes in the 
paper quoted above, and have there figured a larva with a dozen ten- 
tacles. They have nothing to do with budding either actually or primi- 
tively in any Ascidian. 

I also made some experiments on the larve of Styela grossularia, in 
which I succeeded in very sensibly hastening the change of form (1.e., 
flattening of the body of the larva) which takes place during the meta- 
morphosis, by cutting off the tails of the larve. I should say that the 
actual fixation of the larva is not an indispensable preliminary to the 
commencement of the metamorphosis, the most obvious accompaniments 
of which are the abovementioned flattening of the body and the absorp- 
tion of the tail of the larva. By keeping a series of normal larve in one 
dish, and a series of larve with docked tails in another dish at the same 
time, I was able to compare the rate of change of shape in the two cases, 
and the difference was most striking. 

The work which I commenced at the laboratory of the Marine 
Biological Association at Plymouth was continued at the Zoological 
Station at Naples, where I also had the privilege of occupying the table 
of the British Association, and the results of my work there will be given 
in another report. 


The Committee venture to hope that the Association will again place 
in their hands a grant of 301., or of any smaller sum, to enable them to 
continue to nominate workers at the Plymouth Laboratory. They believe 
that the utility of the grant is becoming more widely appreciated, and 
they feel that the grant has been well and usefully employed. They 
desire to point out that, even if they should not be reappointed, the 
Association should make some permanent provision for nominating a 
worker for one month in every year; a privilege which belongs to the 
Association, free of charge, by virtue of its position as a Governor of the 
Marine Biological Association. 


Sixth Report of the Committee, consisting of Professor M. Foster 
(Chairman), Professor F. O. Bower (Secretary), Professor 
I. BayLey Batrour, Mr. W. T. TuiseLton-Dyer, Dr. H. TRIMEN, 
Professor MarsHaLL Warp, Mr. W. CarruTHers, Professor 
M. M. Hartoc, and Mr. W. Garpiner, for taking steps to 
establish a Botanical Laboratory at Peradeniya, Ceylon. 


Tue Committee report that, no grant having been asked for at the meet- 
ing at Cardiff, no accounts have to be rendered. 

Professor J. Bretland Farmer has in the course of the year returned, 
after spending five months in Ceylon, and has brought back with him 
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large collections of material for further work. He has sent to the 
Committee a report, which is appended :— 

The Committee, having at present before them no application for use 
of the laboratory, do not propose to ask for a grant this year. But as 
the Committee are informed that an application will be made, they request 
that they be reappointed, with Professor Farmer as secretary. 


APPENDIX I. 
Report by Professor J. BreTnanpD Farmer. 


In December 1890 I left England for Ceylon, having received from 
the Grant Committee of the British Association the sum of 501., to be 
expended in apparatus and fittings for the laboratory at Peradeniya. 
The chief pieces of apparatus consisted of a 5-plate camera by Watson, a 
large Zeiss dissecting microscope and lenses, and a large and sensitive 
balance. In addition to these I further took a small supply of glass 
apparatus and chemical reagents. 

On my arrival at Peradeniya in January 1891 I proceeded to make 
arrangements for storing the apparatus, &c., which I had brought, and 
also to make a catalogue of the existing apparatus and fittings at present 
available in the laboratory. 

Through the kindness of the Director of the Gardens I was enabled to 
fit up a spare room as a photographic dark room. 

For the guidance of those who may in future visit the laboratory 
with the intention of working there, I would suggest that it will 
probably be necessary to take out such glass apparatus and bottles as 
they may require, since, owing to the action of the climate, articles made 
of ordinary glass soon become corroded, appearing as if they had been 
exposed to the action of hydrofluoric acid. 

During my visit to Ceylon I made the laboratory my working head- 
quarters, sorting and preserving my collections there in the intervals 
between various expeditions, I paid especial attention to the Hepatice, 
and for the purpose of securing as many as possible of these plants I 
travelled over a considerable part of the country, especially the hilly 
districts. I hope shortly to be able to publish some of my observations 
on the material thus gathered, which includes, besides some probably new 
species, several little known and interesting forms. 

I also obtained a quantity of material for working out the de- 
velopment and structure of several species of the genus Christisonia, 
which occurs as a parasite on the Strobilanths and various species of 
Bamboo. 

I was fortunate enough, after repeated search, to obtain prothallia 
and embryos of Angiopteris evecta, and thus to study the development of 
at least one member of a group of ferns concerning whose embryology 
we possess at present no information. These results are in course of 
publication in the ‘ Proceedings of the Royal Society,’ and in eatenso in the 
‘ Annals of Botany.’ 

Besides the abovementioned instances I collected a considerable 
quantity of material of a varied kind, some of which has been already 
worked out in the Peradeniya Laboratory. Amongst this material I may 
mention a Podestemon, which appears to be a new form, and one of some 
interest. 
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I cannot conclude this outline report of my work in Ceylon without 


expressing my sense of the great kindness which I received at the hands of 


Dr. Trimen, the Director of the Gardens : without this help I should have 
been able to take but a small advantage, comparatively speaking, of the 
great opportunities I enjoyed during the few months I spent in the 
tropics. 


APPENDIX II. 


List of Apparatus and Reagents at Laboratory, Royal Garden, Peradeniya, 
Ceylon. 
1 large balance with weights. 
1 small ditto. 
1 camera, lens, &c. 
1 Zeiss dissecting microscope, aplanatic lenses, and combination lenses, 
5 glass measures of 1,000, 500, 250, 100, 50 c.c. respectively. 
Glass jars with covers 


six 15 in. x 34 in. twelve 8 in, x 33 in. 
twelve 12 in. x 43 in. eight 5 in, x4} in. 


Bell glasses 
2 in. x 12 in. ln 2 : 
ee uae aie, oa chi te 
8 assorted funnels and box of cut filter papers. 
About 140 wide-mouth stoppered bottles, from 600 c.c.—60 c.c. 
2 Wedgwood mortars. 
2 spirit lamps. 
2 large nests of beakers. 
Several nests of test tubes. 
1 nest of 7 flat beakers and covers (53 in. x 3} in.). 
About 13 gross specimen‘tubes, thick glass. 
63-plate porcelain photo dishes. 
3 tripods and gauge. 
1 copper still, tin worm (wants repairing). 
8 graduated pipettes and burettes. 
4 dozen watch glasses. 
About 2 dozen glass capsules and covers (2 in.—3 in. diam.). 
3 hydrometers 700 — 2,000. 
1 thermometer —15° C. =370° C. 
1 5; 0° C. =100° C. 
1 alcoholometer. 
Set of brass cork borers. 
Assorted test-tube holders and brushes 
Ps corks and A files. 
2 test-tube stands. 


Reagents. 
3 bottles potass. hyd. 1 oil of cloves. 
2  ,, chromic acid. 2 acetic acid. 
1 calc. chloride. 1 hematoxylin. 
1 chloroform. 1 asphalt varnish. 
2 glycerine (large). 1 gold size. 
3 iodine. 2 creasote. 
2 potass. iodide. Several small bottles of mineral 
1 potass. bichrom. acids (of little use). 
1 picric acid. 1 eosin. 
1 tin vaseline. 1 gentian violet. 


1 thymol. 


1 methylene blue. 
1 chloral hyd. 
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Report of a Committee, consisting of Professor A. NEwTon (Chair- 
man), Mr. JouN CoRDEAUX (Secretary), Messrs. R. M. BARRINGTON, 
Joun A. Harvir-Brown, W. EAGLE CLARKE, and the Rev. E. P. 
KNUBLEY, appointed to make a digest of the observations on the 
Migration of Birds at Lighthouses and Light-vessels, and to 
report on the same. 


Tue Committee are not yet in a position to announce the completion 
of the digest of the migration returns, with which, however, great and 
satisfactory progress has been made during the past twelve months by 
Mr. W. Eagle Clarke, one of their body, on the plan announced in last 
year’s report. So much having been done, they trust that the Association 
will think fit to reappoint them in order that the heavy task may even- 
tually be completed. 


Report of the Committee, consisting of Professor A. C. Happon, 
Professor W. A. HerpMaN, and Mr. W. E. Hoye (Secretary), 
appointed for improving and experimenting with a Deep-sea 
Tow-net for opening and closing under water. 


Tur Committee have to report that the apparatus for opening and closing 
the tow-net by electricity, which was provisionally exhibited in an un- 
finished state at Cardiff, has been completed and is ready for use so soon 
as an opportunity for experimenting in deep water shall present itself. 
Although the Committee have made inquiries in all directions that 
seemed likely, no such opportunity has presented itself during the past 
twelve months. Seeing that the kind of conducting cable which would 
be necessary for working the apparatus would depend upon the nature 
of the dynamo available for generating the electric current, the Com- 
mittee have not judged it prudent to expend the grant in the purchase of 
such a cable prematurely, and hence the grant has been returned to the 
Treasurer. 

The Committee suggest that they should be reappointed ; they intend 
to apply for a new grant at some future date. 


Report of the Committee, consisting of Mr. THomas H. Tuomas 
(Chairman), Professors W. Newron Parker, A. NEwrTon, and 
A. Leipner, Mr. E. Poutton, Canon H. B. Tristram, and Dr. C. 
T. VaCcHELL (Secretary), appointed to consider proposals for the 
Legislative Protection of Wild Birds’ Eggs. 


Tue Committee have to report that in consequence of the near approach 
of a General Election, it seemed to them quite useless to take any further 
steps during the present Session of Parliament, as no Bill of the kind 
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could possibly pass both Houses. It also became evident, upon full 


examination, that the Bill introduced by Mr. Alfred E. Pease in 1891, 
which was suggested as a basis of action by the Committee, would, 
although its principle was in agreement with the object for which the 
Committee was appointed, nevertheless need to be considerably modified 
before it could satisfy the Committee. 

Under these circumstances the Committee ask to be reappointed, in 
order that they may endeavour to secure the introduction of a Bill in the 
new Parliament. 

This report was inadvertently not submitted to Professor Newton, 
who is therefore not responsible for its conclusions. 


Report of the Committee, consisting of Mr. E. G. Ravenste1n, Mr. 
BaLpwin Latuam, and Mr. G. J. Symons (Secretary), appointed 
to inquire into the Climatological and Hydrographical condi- 
tions of Tropical Africa. (Drawn wp by Mr. E. G. Raven- 
STEIN. ) 


1. Tue work of your committee naturally falls into two branches, viz., 
first, the collecting and epitomising of all available series of meteoro- 
logical observations; and, secondly, the exercise of a friendly influence 
over existing, and the equipment of new -stations, likely to pro- 
mote a better knowledge of the climatological conditions of tropical 
Africa. 


2. As regards the first of these objects, your committee have pre- 
pared abstracts of the records of sixty-seven stations (including forty-two 
at which the observations extended over one year). As the places for 
which there exist records for at least one year number close upon eighty, 
your committee deemed it advisable to postpone the publication of 
these abstracts until it shall be possible to present them in a collected 
form. 

Unpublished series of observations have been received by your com- 
mittee from Captain Chippendale (Upper Nile, 1874-5), Rev. C. Paul 
(Kipo Hill, 1881), Rev. Mr. Wakefield (Ribe, 1886-7), Rev. G. Smith 
(Asuan and Wadi Halfa, 1884-5), Rev. R. S. Hynde (Domasi, 1888-9), 
and Captain Gallwey (Benin, 1891). 

Your committee are likewise indebted for useful information and 
printed meteorological records to Captain Capello, Prof. Neumayer, Dr. 
Tacchini, Prof. Angot, Dr. Etienne, and M. A. Lancaster. 


3. As the funds placed at the disposal of your committee are not 
sufficient for the establishment of independent stations, with paid ob- 
servers, they are constrained to confine themselves to the distribution of 
‘Instructions’ specially adapted for tropical Africa, and calculated to 
ensure the trustworthiness and uniformity of the records, and of blank 
forms intended to ensure uniformity in the record of observations, and, 
in a few cases, to the supply of instruments to approved volunteer 
observers. 
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The ‘Instructions’ direct observations to be taken either thrice daily 
(at 9 a.m., 2 P.M., and 7 p.M.), or once daily (at 9 A.M.), as also at two- 
hourly intervals on certain term-days. 

The ‘ Instructions’ which are being distributed among all observers 
stationed in Africa are to be supplemented, where necessary, by a copy 
of the ‘Hints for Observers,’ issued by the Royal Meteorological 
Society. 


4, The instruments supplied include, as a rule, four thermometers. 
(max., min., wet and dry bulb), and a five-inch rain gauge. The 
thermometers are placed within a galvanised iron cage, which they 
have specially devised for use in Africa. Additional instruments are 
to be supplied as may be required and funds permit, as also a 
standard barometer, where a guarantee can be given for its safe con- 
veyance. 


5. Up to the present, sets of instruments have been granted only to- 
Mr. J. W. Moir (Nyasa) and Captain Gallwey (Benin), but further 
applications are under consideration. 


6. Your committee have expended 50/. out of the 75/. granted, and 
they beg to propose that they be reappointed, with the addition of Dr. 
H. R. Mill, and that a grant be made of 50/., being 251. of last year’s 
grant not drawn, and a fresh grant of 251. 


Report of the Committee, consisting of Dr. J. H. GLADSTONE 
(Chairman), Professor H. E, Armstrona (Secretary), Mr. S. 
Bourne, Dr. CrosskEy, Mr. G. GuapsTonE, Mr. J. HEywoop, 
Sir Jonn Luszock, Sir Paitip Maenus, Professor N. Story 
MaskELYNE, Sir H. E. Roscoz, Sir R. TEMPLE, and Professor 
S. P. Tuomprson, appointed for the purpose of continuing 
the inquiries relating to the teaching of Science in Elementary 


Schools. 


Tue return of the Education Department issued this year enables your 
committee to form an idea of the effect which the considerable changes 
in the Code of 1890 have had on the teaching of science. It will be 
remembered that the principal differences between this Code and that 
which had been in force for eight years consist in the optional character 
of ‘English’ as a class subject, thus giving more opportunity to the 
study of Geography and Elementary Science; the alternative courses of 
these two last subjects; the separation of Euclid and Mensuration as. 
specific subjects; and the abolition of the more theoretical course of 
Mechanics. 

The number of departments of schools in which these class subjects 
have been examined by H.M. Inspector during these eight years have 


been as follows :— 
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— 
Class Subjects.—Departments 1882-3 | 1883-4 | 1884-5 | 1885-6 | 1886-7 | 1887-8 | 1888-9 1889-90 


| | | 

| aay | | 
| 

| 


English .. . «- 18,363 19,080 | 19,431 | 19,608 | 19,917 | 20,041 | 20,153 | 20,304 | 
| | | 


Geography . . .  .| 12,823 /12,775 | 12,336 | 12,055.| 12,035 | 12,058 | 12,171 | 12,367 | 


Elementary Science =¥ aie 48 il id 45 43 39 | 36 | 36 32 


The numbers during the year 1890-91 are, for— 


English . F $ - : : : : . 19,825 
Geography . : : : : : ; . +. 12,806 
Elementary Science : ‘ ‘ ‘ : z : 173 


Thus the non-obligation to take ‘English’ has at once resulted in a 
diminution of about 500 departments, and in a similar increase in 
Geography ; while the study of Elementary Science, which had never 
exceeded fifty-one, and had gradually sunk to as low as thirty-two depart- 
_ ments, has suddenly risen to 173. We have no means of ascertaining 
how many of these have taken one of the alternative courses of 
Schedule II. 

The number of scholars examined in the scientific specific subjects 
during the same eight years is as follows :— 


Ee 


Specific Subjects——Children | 1882-3 | 1883-4 1884-5 | 1885-6 | 1886-7 | 1887-8 | 1888-9 | 1889-90 | 

| 
Algebra . - | 26,547 | 24,787 25,347 | 25,393 | 25,103 | 26,448 | 27,465 | 30,035 
Euclid and Mensuration . : 1,942 2,010 | ie 5269 1,247 995 1,006 928 977 
Mechanics A. F 3 2,042 3,174 3,527 4,844 6,315 6,961 9,524 | 11,453 
B . — 206 239 128 33 331 127 209 
Animal Physiology. : . | 22,759 | 22,857 | 20,869 | 18,523 | 17,338 | 16,940 | 15,893 | 15,842 
Botany . : 3,280 2,604 | 2,415 1,992 1,589 1,598 1,944 1,830 
Principles of Agriculture ; 1,357 1,859 1,481 1,351 1,137 1,151 1,199 1,228 
Chemistry . 5 1,183 1,047 1,095 1,158 1,488 1,808 1,531 2,007 
Sound, Light, and Heat. 5 630 1,253 | 1,231 1,334 1,158 978 1,076 1,183 
Magnetism and Electricity . 3,643 3,244 | 2,864 2,951 2,250 1,977 1,669 2,293 
Domestic Economy . : - | 19,582 | 21,458 | 19,4387 | 19,556 | 20,716 | 20,787 | 22,064 | 23,094 

fae mel pF | Ne a ee eat | | le ial ba oe ey P eee 
Total 6 3 & - | 82,965 | 84,499 | 79,774 | 78,477 | 78,122 | 79,985 | 83,420 | 90,151 

Number of scholars in Stan- " 

dards V., VI., and VII. } 286,355 | 325,205 | 352,860 | 393,289 | 432,097 | 472,770 | 490,590 | 495,164 


The numbers during the year 1890-91 are, for— 


Algebra . f - ‘ 5 : : : . 31,349 
Euclid . . 4 : : A F - 870 
Mensuration . ; : - ; 3 : A . 1,489 
Mechanics . ; 3 ‘ : - F . 15,559 
Animal Physiology 3 5 ; : : : . 1b,050 
Botany . 4 4 t : ‘ . 2,115 
Principles of Agriculture é é 2 : s) wea 
Chemistry é A 5 “ d on LyS4e, 
Sound, Light, and Heat . : : c 7 : . 1,085 
Magnetism and Electricity . E J : - . 2,554 
Domestic Economy ‘ Fi ‘ shy - . 27,475 

100,624 


1892. BB 
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It will be remarked that the growth in the study of Algebra has con- 
tinued ; that of Mensuration greatly exceeds that of Euclid and Men- 
suration together in recent years; while the increase is very striking in 
the case of Mechanics and Domestic Economy. The study of Animal 
Physiology has lost ground somewhat, and that of Botany has gained. 
In Physical Science the recent increase in Chemistry has not been main- 
tained, nor that of Sound, Light, and Heat; while Magnetism and 
Electricity are fast regaining their early popularity. It will be seen that 
the gross number of passes has largely increased. The returns do not 
now give the actual number of children examined in Standards V., VL., 
and VILI., but it is possible to arrive at a very close approximation, viz., 
497,300. Adopting this figure, we are able to add this year’s percentage 
of the number of passes in these specific subjects, as compared with the 
number of children qualified to take them, to the returns given in former 
reports. 


In 1882-3 . : : . - . 29-0 per cent. 
» 1883-4 . , : ‘ : re a 
», 1884-5 . : : , ; - 22°6 : 
», 1885-6 . . : ° : ae 5, <3 
3 1886-7 . ; : ; : ook 4 
pe lcci > i ‘ A . Si se, & 
» 1888-9 . : A : : Pie Wg | eating, 
,, 1889-90 ‘ : . ; BS 
», 1890-91 ; : ‘ : - 202 3 


This shows that the proportion, which decreased rapidly from 1882 to 
1888, is now somewhat rapidly improving. 

The changes in the Code this year have not been numerous; but two 
or three of them affect the teaching of Science. There is a small change 
in Alternative Course I. of Schedule II. (lessons on common things) ; the 
subjects for the Seventh Standard now read, ‘ Familiar Illustrations of 
Appled Science ; e.g., the dwelling ; fabrics and clothing ; food ; warming ; 
lighting, &c.,’ instead of ‘Other Simple Physical Laws, such as those of 
light, heat, &e.’ 

Horticulture has been added to the list of specific subjects; and in 
Schedule IV. there are definite courses of instruction laid down, both for 
this subject and Navigation. The first stage of Horticulture is decidedly 
of a scientific character, as will be seen in the Appendix. The second 
and third stages are almost purely practical. All three stages of Naviga- 
tion are also given in the Appendix, as they are all of a scientific 
character. 

There is an alteration in the mode of calculating the grant for specific 
subjects. Hitherto 4s. has been paid for each pass; in future the pay- 
ment will be ‘2s., or 3s. for each scholar presented in any specific subject. 
The Department shall decide which, if either, of these sums shall be paid 
after considering the report and recommendation of the Inspector.’ As 
this will probably involve a slight reduction in the total amount of the 
grant, there may be less incentive to take a scientific specific subject, but 
that may not be without compensating advantages. The distinction 
between the 2s. and 3s. grant will direct attention to the necessity of good 
teaching; and many managers may be disposed to drop the more 
specialised scientific teaching to the higher Standards under Schedule IV. 
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jn favour of a wider course of instruction in Elementary Science through- 
out all the Standards. ° 

Your committee have always included Domestic Economy in the table 
of scientific subjects, and its adoption in the girls’ schools has become 
very general. They are aware that it is often taught in such a way as to 
have little, if any, scientific value ; but they believe it is capable cf being 
made extremely valuable in this respect: it should be always taught, 
as far as possible, experimentally and practically. The simple scientific 
principles which underlie ordinary domestic operations, such as laying a 
fire, washing clothes, ventilation of rooms, preparation of food, &c., 
should be explained. Then the lessons would be rendered far more in- 
telligent and interesting. Arrangements are made by some of the prin- 
cipal School Boards for teaching Domestic Economy in this way. 

It goes without saying that the value of the cookery Jessons which 
are now being so much encouraged will depend largely on the knowledge 
of the principles of Chemistry and Physics possessed by the teacher, and 
infused into her teaching. 

Evening schools have made great progress during the year. The 
following table will show the comparison between it and the previous 
year when a scholar could not be examined in more than two special 
subjects :— 


Evening Schools. 


(Scholars taking additional or special subjects.) 


1 Subject 2 Subjects 3 Subjects || 4 Subjects 
Years ~ — - - } 
Exam’d | Passes || Exam’d | Passes || Exam’d | Passes | Exam’d Petes | 
| | LF | | 
1889-90 | 8,973 | 7,101 | 6,053 | 5,454 || — syle [ieee = 
1890-91 | 13,281 | 12,071 | 12,717 | 11,846 || 1,317 1ass | 232 | 364 
1 | 


It will be seen that the number of passes is almost exactly doubled, 
being 12,555 in the former year, and 25,769 in the latter. The Govern- 
ment returns do not enable us to say how many of these passes are made 
in scientific subjects. 

The Education Department has just issued a separate Code of regula- 
tions for evening schools. They give a scheme for every one of the 
subjects of instruction mentioned in the Code, divided over seven years; 
but managers are not restricted to any of the schemes given. The course 
of instruction is based upon that of the day schools, that of the class 
subjects being spread out from five to seven years, and that of the specific 
subjects from three to seven years. This would imply that scholars are 
expected to remain seven years in the evening schools; and it also neces- 
sitates that their attention should be kept on a limited subject for a whole 
season. For instance, in Chemistry, the properties of oxygen and hydro- 
gen occupy the whole of the first year, while only those who continue 
till the sixth year will acquire any knowledge of the numerical laws of 
Chemistry. Apparently to obviate this very evident disadvantage it is 
provided that ‘the stages of suck of these subjects as admit of being so 
treated may be taken in any order; two or more stages may be taken in 
one year in less full detail than if one only were taken.’ 
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Of course these day and evening schools lead up to the technical schools 
of various kinds which are now being rapidly established throughout the 
kingdom. These do not strictly fall within the scope of the reference to 
your committee ; but it is pleasant to record that the County Councils of 
London and Middlesex have now followed the lead of the other councils 
in appropriating the Customs and Excise grant, either wholly or in part, 
to the purposes of technical instruction. 


APPENDIX. 
_ 15. Horticulture 16. Navigation 
' Ist Stage. PLANT LIFE. Definitions and explanations of | 
Seeds, nature of, and germination. the terms used in mathematical 
Requirements, water, heat, air. geography. | 


Soils, nature and composition. Construction and use of charts. 
What they do and how, what | The compass. Pi) 
helps, what hinders them. Conversion of magnetic into true 

Roots, nature and functions. bearings, and the reverse. 

Branches, fibrils, and root hairs. | Plane sailing. 

| Stems and branches. Their nature, | Traverse sailing. 
work, and uses. Helpsand hin- 
drances. 

Leaves, what they are, what they 
do. Helps and hindrances. 

Buds and tubers. Leaf buds, 
flower buds, tubers. 

Growth. Increase in size, and 
changes of composition. Forma- 
tion and storage of food 
materials. 

Flowers. Their component parts. 
What they do. 

Fruit ; changes and development 
during ripening. Forms and 
varieties, as apple, strawberry, 


plum, &c. 
| 2nd Stage. —— Recapitulation. 
The log. 
Day’s work. 
Mercator's sailing. 
| 8rd Stage. we Recapitulation. 


Latitude by meridian observation. 
Explanation of method of deter- 
mining the error of the compass 
by an amplitude of the longi- 
tude by the chronometer. 
Deviation of the compass. 
Description and use of the sextant. 
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Second Report on the Development of Graphic Methods in Mecha- 
nical Science. By Professor H. S. HELE Suaw, M.Jnst.C.£. 


[Ordered by the General Committee to be printed im extenso. | 


TuREE years ago a preliminary report was presented on the above subject 
by the Committee, consisting of Mr. W. H. Preece (Chairman), Mr. (now 
Sir) Benjamin Baker, Messrs. W. Anderson and G. Kapp, Professors 
J. Perry and R. H. Smith, with the present writer as Secretary, who, at 
the meeting in the following year, was requested by the Sectional Com- 
mittee to draw up and complete the report. Owing to causes which 
were explained in a letter to the Committee last year, he was unable to 
do this in time for the following meeting, and now begs to present the 
result of his work up to the present time on the subject. 

The preliminary report gave a list of a number of works which 
avowedly dealt with graphic methods, but at the same time it was stated 
that a large number of standard works based to a great extent on such 
methods, or in which such methods were frequently applied, were 
excluded from the list. 

It does not require much acquaintance with the subject to realise that 
there is scarcely a treatise or publication dealing with mechanical science 


_ that does not employ some kind of graphical expression as a means of 


exposition vr calculation. How great the range is may be gathered from 
a consideration that graphic methods really include every way of repre- 
senting numerical quantities by means of drawing, except 1. The repre- 
sentation of actual bodies; and 2. Purely geometrical construction. 
Hence we have to go back very early in the history of mechanical science 
to find the first graphic treatment of the subject. 

A study of the list of references to graphic applications in the scientific 
literature of this country appended to this report will show that gradu- 
ally, but with an ever-increasing rate, it has become the custom to employ 
representations of numerical results graphically, and to suggest and use 
the solutions of various problems by graphic methods. 

These two purposes, viz.— 


1. Representation of results by means of plotted curves and auto- 
graphic diagrams ; 
2. Solution of problems by graphical methods, 


seem to suggest a satisfactory way of dealing with the subject. At the 
same time, no hard-and-fast distinction must be insisted on, because a 
curve, although chiefly useful for the purpose of representing the general 
results of an experiment or calculation, may be employed, by means of 
interpolation or otherwise, to effect a calculation. 

(1) It would be quite legitimate in this report to trace the develop- 
ment of the represention of results, but the best method of procedure is 
to state the results which have been achieved, as this aspect is the 
practical and useful one. 

Inasmuch as every possible kind of numerical quantity can be plotted, 
it would not be possible, even if it were desirable, to give anything like a 
complete list of the subjects which have been, or may be, plotted. 
Further, in dealing with instruments used for the purpose, there must be 
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omissions, because descriptions of many such instruments have not been 
published ; hence the object of the writer in dealing with this part of the 
report has been to give a concise statement of the progress and present. 
state of the subject. 

At the same time the difficulty of ascertaining what subjects in 
mechanical engineering have been treated graphically in current litera- 
ture is very great, and nothing less than an examination of every page of 
engineering journals and scientific papers suffices for this purpose, since 
no intimation of graphical treatment is usually given in the index. 
Hence a list of references has been added to this report, arranged under 
suitable headings of the more important applications of mechanical 
science, wherever such applications have been graphically treated. In 
one column the names of the subjects are given under which the article 
is found in the journal; in another, the description of the graphic 
diagram; in another, the author’s name. The arrangement of matter 
under each heading is in the order of the year of publication, so that 
anyone searching for graphical records on a certain subject will see at . 
once what is old and what is new. 

(2) Very different, however, is the case of the graphical treatment of 
problems. This is a subject of very divided opinion, whereas the mere 
representation of results has settled down into recognised lines and 
methods of operation. Great as the progress has been in this direction, 
it will be seen that there is a wide field for discussion in the present 
state of the question; hence in this portion of the report an attempt has 
been made to present the views of different schools of thought, and to 
state the results achieved up to the present. At the same time, the 
question is far too wide to be treated in the present report in a way at all 
justified by its importance, and it is a question for the Association to decide 
whether a further report, dealing more fully with foreign literature and 
practice in graphic methods in relation to mechanical science, is not 
desirable. 

To the treatment of the subject thus divided there is prefixed a 
statement of the geometrical principles involved in the methods of 
graphical representation. This preliminary statement is necessary to 
show both the possibilities and methods of graphical records, as well 
as to premise the considerations in the second portion, dealing with 
calculation. 

The foregoing remarks will explain the following scheme of the 
report :— 

Scoeme OF Report. 


I. Geometrical considerations involved in (1) the representation of 
results graphically, and in (2) graphical calculations :— 


1. Use of one dimension of space corresponding to measurement 
from one fixed point in a plane, enabling one variable to be 
dealt with. The use of two dimensions of space corresponding 
to the measurement from two fixed points in a plane, enabling 
two variable quantities to be represented by the position of a 
point. The use of three dimensions, or .of representation of 
three variables by the positions of a point, involves the use of 
models or stereotomy, and is excluded from consideration in 
treating of graphical methods. 

2. Practical distinction between analytical treatment and geometry 
of position. The Graphical Calculus. 
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II. The representation of results :— 

1. The plotting of diagrams; the use of squared paper. Growth of 
the method. Plotted tables. Contributions on Naval Archi- 
tecture, by Mr. H. H. West; and on Electrical Work, by 
Mr. F. G. Baily. Applications in civil and mechanical 


engineering. 
2. Instruments for drawing known curves used with graphical 
methods. Improvements in simple drawing-instruments. 


Elliptographs. Drawing the parabola. Harmonic curves: the 
involute ; cycloid; spirals, &c. The Gabarit. The Integraph. 
8. Self-recording instruments. Marking arrangements. Modes of 
actuating surface for receiving the record. The movement of 
the recording arrangement. Instruments for recording (a) 
levels; (b) pressure; (c) magnetic attraction; (d) velocity ; 
(e) temperature; (f) vibrations and shocks; (g) results of 
mathematical operations ; (/) chronographic results. 


III. Graphical solution of problems :— 


1. Consideration of modern methods of graphical calculation, chiefly 
in view of Continental usage and opinions concerning the appli- 
cation of projective geometry in graphic statics. 

2. Addition of parallel segments. Sliding calculation and slide 
rules. Shearing force and load diagrams. 

8. Addition of non-parallel segments. Summary of the applications 
of the principle of reciprocal figures. 

4, The applications of graphical multiplication. The rectification 
and calculation of areas. Summary of the problems in 
engineering to which methods of graphical multiplication are 
applied. 


I. GEOMETRICAL CONSIDERATIONS. 


Let us suppose we have a plane surface, or what may be developed 
into a plane surface, e.g., a paper wrapped upon a cylindrical barrel, which 
we propose to use for graphical purposes. 

If we take any point upon the surface, we can represent any numerical 
quantity by its distance from some other fixed points, the position of 
which we suppose to be known, writing beside the point, or representing 
by means of some notation, what particular thing the numerical quantity 
is supposed to refer to. By taking a number of points we may represent 
any number of numerical quantities by their distances from the fixed 
point, and there is no limit to the number of ways in which we may do 
this; for instance, we may take them ranged along one straight line, just 
as in the graduation of scales and similar instruments, where each reading 
measures the distance from the zero of the scale; as, for instance, the kind 
of graphic record of magnitudes represented by the distances OA, OB, 
OC, OD, and OH in fig. 1. 


Fi@4. 1. 
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_ Instead of a point being taken along a straight line, 7.e., in one direc- 
tion, the same points may be taken in different directions, as shown in 
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fig. 2, and the relative distances of each made more obvious upon inspec- 
tion by the line of direction being separate and distinct. A still clearer 
result is obtained by adding a constant length to each distance, which is 


Fig. 2. 


equivalent to taking the fixed point farther away, and measuring the 
distances along radii from an are drawn with a fixed distance as centre, 
as in fig. 3. 

Fig. 3. 
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_ When a fixed point is taken infinitely distant, the arc becomes a 
straight line, and the distance measured perpendicular to it and parallel 
to each other, as in fig. 4. 

This is the most common and convenient way of popularising 
statistics graphically, and enables various numerical quantities to be 
compared. 


For instance, in a paper read by Mr. Price Williams we have the 
various data about different railways compared in this way.' 

This method of employing only one dimension of space, or using the 
sealars of Sir W. R. Hamilton, 
can only represent a limited 
number of isolated facts, and, 
except in the application of scales 
and for the purposes of slide-rule 
calculation, has little interest. C 
Suppose now a second point 9 
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be taken O,; then the distance 
_ of A from it may also represent 
_ another numerical quantity, and 
is quite independent of its dis- 
tance from Q,. 

Conversely, having two quan- 4 
tities to represent a point, A oc 
may be found, which is at dis- | 
tances from O, and O, represent- 
ing respectively these quantities | 
(fig. 5). 

It is clear that by drawing | 
ares of circles there are two | 
points (A and A, fig. 5), and | 
only two, which can be found to! 
correspond with these results— o 
viz., the intersection of the arcs. 
These two points are situated symmetrically on either side of the line 
throngh O, O,. 

So with distances corresponding to OB, OC, . . ., fig. 4, two points 
being found in each case; but since the fields separated by O, O, are exactly 
similar to each other and symmetrical in relation to the position of the points 
meno, D, . . ., only one set of the two situated symmetrically on oppo- 
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site sides of the line joining O, O, need be considered. Thus, considering 
one set of the two symmetrical systems of points, it may be said that each 


’ 1 Proceedings of the Institution of Mechanical Engineers, 1879, p. 96. 
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point on the surface represents by its distance from two fixed points two 
numerical facts. By the use of a third fixed point the power of represent- 
ing results isin no way augmented, for the position of A is fixed by its 
distance from O, and O., so that no fresh fact, independent of the two 
previous ones, can be represented by its distance from O3. This is not a 
mere accident, to be avoided by any geometrical device, but is the result 
of using for a graphic diagram two dimensions of space in the form of a 
surface, either plane or developable into a plane. Hereafter a device will 
be noticed by which, representing artificially three dimensions of space, 
a third independent variable may apparently, though not really, be repre- 
seuted. Hence it may be said that two conditions determine the position 
of every point, and, conversely, every point represents two conditions, 
and two only. 


Just as with one fixed point, when one dimension of space only was 
employed, any number of numerical facts could be represented by taking 
any required number of points, so with the use of two fixed points, or of 
two dimensions in space, any number of facts could also be represented. 
Now it does not matter in what way the two measurements are used, so 
long as the position of the point on the surface is fixed by them; and as 
for practical purposes the use of the two points in the above manner is 
not convenient (one condition, for instance, being that the sum of the 

lengths must be equal to or greater than the distance between the fixed 
points), other ways of attaining the same results are employed. 
(1) Using one point, say O,, as a centre, an arc is drawn through O, ; 

a given distance measured round this arc from the latter to a point, A, is 

taken for one of the numerical quantities, and through the point a so 

formed a radius is drawn from the other fixed point, O,, and along this 

radius the second quantity is measured, represented by O, A, fig. 6 


Fig. 6. 
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In this way any number of quantities—O, A,O, B, O, C—are repre- — 
sented. This method is what is known as the use of polar co-ordinates, — 
the distance from O, being the polar distance, and the distance from O, — 
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_ the measure of the angle which the radius vector, or direction of the 
polar distance, makes with the line O, O.. The direction in which the 
distance is measured from any one point to any other point can always 
be found and stated numerically with reference to the two fixed points 
__ by drawing a parallel to the direction in question through one of the fixed 
points. The direction can then always be stated in terms of distance from 
the other of the two fixed points at which the arc cuts the radius vector. 
(2) Just as when dealing with only one fixed point, so when dealing 
_ with two we may remove O, to an infinite distance, and obtain, as 
before, a straight line for the arc, and from this the distances to A, B, 
C, D, EH, can be measured (fig. 7). 
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The distances from O, are now measured along a straight line, which 
is the base line of the single-point method, the line through O; O., which 
may be called the vertical line, being perpendicular to it. If we next sup- 
pose O, to be also removed to an infinite distance, magnitudes previously 
measured along the base line may now be measured from any fixed ver- 
tical line, and parallel to the base line, since all parallel lines pass through 
the same point when it is at an infinite distance. 

This is the Cartesian system of co-ordinates, the distance of any point 
from the base and vertical lines being respectively the ordinate and 
abscissa of the point. The direction in which any distance is measured 
between any two points on the surface can be stated just as easily as with 
polar co-ordinates by the ratio of the distance between the points measured 
parallel to the vertical axis and the distance measured parallel to the 
horizontal axis. This is, of course, the same thing as taking the ratio of 
distances between the points, measured respectively in the directions of 
the two fixed points, which are now, however, imaginary. 

Except for the matter of convenience, the use of two points, or the 
use of polar co-ordinates or of Cartesian co-ordinates, might with equal 
advantage be employed, and it is quite possible that just as Descartes 
invented and developed the last-mentioned system, so some other method 
might be found still more serviceable for graphical purposes. Thus, for 
instance, it does not matter if what corresponds to the base line and 
vertical line are not at right angles to each other, or the distances are 
taken in directions parallel instead of perpendicular to them, which is in 
fact the method of oblique co-ordinates. Or we need not use the idea of 
direct measure of lengths at all; we may employ with the two fixed points 
two angles as in fig. 8 and find A as readily; for we know that the solu- 
tion of a triangle can be found from two angles and the included side as 
easily as with three given sides. 

The general conclusion arrived at is that, no matter what system may 
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be used, two facts, and two facts alone, can be represented by the position 
of each point on the surface. ‘ 

The practical applications of the two numerical facts represented by 
each point must now be considered. In the case of the single fixed-point 
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system, some means of notifying each quantity equivalent to writing 

upon it the thing represented was required. ® 
Suppose that in fig. 4 the height of the tide at different times had 

been represented by the distance O, A, O, B, &c. Now, instead of 


Fie. 9.—Tide Curve, Liverpool, May 2. 
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writing the hour of the tide on each distance from the base line, or even 
denoting these different hours by A, B, C, D, a much better plan is to 
take the time as a second quantity, to be measured from the second point, 
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or, if Cartesian co-ordinates are used, the heights of the tide as ordinates, 

d corresponding times measured from a certain hour, say noon, as 
bscisse. Such an actual diagram is given (fig. 9). 

This at once represents two facts, which have an intimate connection, 
d we can see the great advantage of the two-dimension system, for now 
we compare graphically the effect of change of time on the height of the 

ide—that is to say, not merely the relation of the various heights to each 
other, but their relative value as affected by lapse of time. 

This is, however, but one of the two advantages: the other is that, 
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_ haying no longer to notify each value of the height by some symbol to 
show what hour of the tide it corresponds to, thus necessarily limiting 
the number of heights which could conveniently be given, each point 
representing height now has its particular time given by its abscissa. 
Hence an unlimited number of heights can be given, since an unlimited 

number of points can be shown. As a matter of fact, the tide, rising 
and falling with the lapse of time, necessarily has an infinite number of 
heights, and the points representing these merge into the continuous line 
given in fig. 9. 
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This continuous line is the result of taking any two quantities which 
gradually change, and may be plotted by other methods in other ways 
such as those already mentioned. There is no limit to the number of 
such lines or rows of points, except the very practical one of convenience. 
Hence we might, instead of having the tide for one day, as shown in 
fig. 9, have expressed graphically the tides for various different days in 
succession, as in fig. 10 (which, together with fig. 9 and other informa- 
tion, has been kindly supplied by Mr. Anthony G. Lyster, assistant- 
engineer, Mersey Docks and Harbour Board), which represents the suc- 
cessive states of the tide from May 1 to May 12, 1892; but in the latter 
case it becomes necessary to distinguish each particular curve in some 
way, for instance as shown in the figure, by writing the corresponding 
day upon each curve, just as it was necessary to do when a number of 
distances were employed to represent isolated facts, as in figs. 4 and 5. 

The practical limit is placed by the number of curves which can be 
recorded on a single diagram without producing confusion ; for instance, 
suppose that instead of plotting the tidal results for twelve days, as in 
the diagram given, for any date, it had been desired to give them for 
every possible date—as, for instance, might be calculated by Lord Kelvin’s 
tide-predicter—it is quite clear that, even for one year, it would have been 
quite impossible to do so without destroying the clearness of the diagram; 
and taking the time over a sufficient period would have merged the 
curves into one another, and covered the surface of the paper. 

The truth is, there are now three variable quantities, the changes in 
which it is desired to represent by the changing position of the point in 
space, and this can no longer be done in a plane surface. The limit of 
what can be represented by a true graphic method has been reached, and 
models or some equivalent process of representation, such as shading, 
equivalent to the delineation of the surface of a solid occupying three 
dimensions of space, must be employed. A further illustration will make 
this point clearer. 

Let fig. 11 represent another way of plotting similar tidal data, 
the days of the month being now represented as the abscisse; then for 
a given spot (in the case taken, the dock-sill at Liverpool) and for 
a given time (November 1888) we can trace for every day the time at 
which the tide has reached any particular height at the dock-sill. Take, 
for instance, the case of the tide when it is at datum level, which isshown 
in the figure by dotted lines, and marked zero. This for the first day of 
the month in question occurred at 1.30 a.m., on the 5th at 3.40 A.M., on 
the 12th at 1.55 p.m., and so on; but, moreover, as it occurred four times 
in the twenty-four hours, these facts are recorded along the four different 
lines, which are distinguished in the way mentioned. 

Now, if it be desired to trace the lines for each day at which any 
other levels occur, it is only necessary to draw fresh lines. For instance, 
let the case be taken at which the height is 4 feet below the sill; this is 
shown by aseries of curves in dashed and dotted lines, thus — - — -— - 
and marked —4, The times at which the tide is at the level of —4 onthe 
day abovementioned are: on the Ist, 2.45 a.m.; on the 5th, at'5 a.m. ; but 
on the 12th the curves do not intersect the ordinate at all, showing that on 
the twelfth day of the month—that is, during neap tides—the level of the 
tide never falls 4 feet below the sill. A number of heights can be taken, 
as shown in the diagram, which gives them for differences of level of 
4 feet, and it is clear that if any smaller differences of height are required 


—_ 
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the lines will be closer together, and the diagram will tend to lose its 
clearness. These results can, however, be transferred to a model, each 
difference of level being represented to scale, and the different heights 
being shown as a series of steps. In this case, however, not the slightest 
confusion arises in producing every possible variation of height, which 
was done in one section of a model exhibited before the Section by 
forming a continuous slope by means of plaster. Measurements can be 
taken at any point of any of the three variable quantities, namely, the 
day of the month, or hour of the day, or height of the tide, when any two 
ont of the three are given. The model in question shows that the diagram 


Fig. 11.—Tide Diagram, Liverpool, November 1888. 
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The curves give differences of 4 feet from Old Dock-sill. Lines marked - - - - - give datum 
level. Lines marked — - — - — - give levels below datum level. Thick lines give levels 
above datum level. 


Nore.—The Old Dock-sill is 4°65 feet below ordnance datum. 


may be practically regarded as an example of the use of contour lines; and 
just as contour lines are generally employed for giving various heights of 
mountains, and indicate the slope or steepness of various parts by their 
proximity to each other, so the rapidity with which the tide rises and falls 
on certain days of the month is equally well shown by the closeness of the 
lines of the tide diagram. 

For instance, the tide rises and falls much more rapidly on the 4th 
than on the 11th, forin the former case the intersections of the curves 
by the ordinate are much more close together than in the latter. 

This use of contour lines is generally employed on maps, not only 
for representing the heights of mountains, but for showing the density of 
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population, barometrical readings, temperature, &c. Contour lines are 
also used with Cartesian co-ordinates—for instance, with isothermal 
curves of airexpansion. They are referred to by French writers in various 
treatises under the title of ‘courbes d’égal élément,’ and have the same 
relation in graphic diagrams with regard to two dimensions of space as 
the mere setting up of lengths in one dimension of space illustrated in 
figs. 4 and 5, requiring some distinguishing mark or notation, as in fig. 11, 
for each particular line or curve employed. 

As contour lines are thus shown to be a special case of curves formed 
by the combination of two variable quantities, they need not be further 
alluded to, although it is worthy of consideration whether in many cases 
where models have been employed—such, for instance, as the surfaces 
used by Professor Thurston in his researches on ‘Ternary Alloys ’"—they 
might not be conveniently replaced by the use of such contour lines 
which involve only graphic diagrams. 

There are, it is true, ways in which certain relations of three variable 
quantities may be represented graphically. Thus the method used by 
Professor Clerk Maxwell for the composition of colours was suggested ! 
by Sir G. G. Stokes for representing the results of Dr. Alder Wright’s 
experiments on ‘Ternary Alloys.’ In this case any triangle being taken 
(preferably an equilateral triangle), the quantity by weight of each of the 
three substances used in the alloy may be supposed to be respectively 
placed at the three apices, and the centre of gravity of all three found. 
This being always some point in the plane of the triangle, the position of 
the point on the surface represents the composition of the alloy. A 
bounding curve, called the ‘critical curve,’ is then drawn through the 
points so found, corresponding to the proportion at which the alloys 
refuse to remain in combination, but separate into two substances, by 
means of which curve certain important facts are made evident. The 
diagram, however, does not really represent three variable relations, 
because it is clear that if every possible composition were tried the surface 
would be covered with points, those only which lie along the curve in 
question actually representing the result of the graphical construction. 

The fact that the results of three variable quantities cannot be truly 
represented upon a plane surface has been insisted on, both to clear the 
way for what follows and because the references to this are often some- 
what misleading ; thus Favaro, in his ‘ Lectures on Graphic Statics,’ ? says 
truly, p. 147: ‘Every curved surface to really represent with reliefs 
requires the three dimensions of space which correspond to the three 
variables of which they represent the relation,’ but goes on immediately 
after to say : ‘ But one can by means of a notation as simple as expressive 
replace constructions in space by traces entirely contained in a plane,’ 
and then proceeds to describe the system of contours, which it has been 
shown only partially represent the result of the simultaneous variation of 
three quantities; and, indeed, whatever trace is taken on the plane can 
always be developed into two, being the intersection of surfaces of an 
irregular cylinder with the curve surface in question. In his translation 
of the above work M. Terrier proceeds to give in an appendix a number 
of cases of what he calls stereograms—a term first proposed by Professor 


1 Proceedings of the Royal Society, vol. xlix. No. 298, p. 174. 
t Lecons de Statique graphique, par Antonio Favaro. ‘Traduites de Jitalien 
par Paul Terrier, deuxiéme partie, 1885. Gauthier-Villars, Paris. 
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Messedaglia—which represents results capable of representation by 
ordinary methods of graphical treatment. 

Graphical methods of representation are thus seen to narrow down to 
the use of points and lines upon a plane surface, at the same time with 
an unlimited range of application. 

Regarding the geometrical constructions involved in graphical calcu- 
lation, it is now clear that the whole subject turns on the intersection of 
lines, that is to say, on their relative position. Hence, it is not surprising 
that when any given thing can be represented, not merely in magnitude 
by the length of a line, but also in direction by its position in space, 
we have a direct application of that branch of geometry which deals 
with the position of lines and planes, and their intersection with each 
other, the relations of which are independent of numerical magnitudes. 
This kind of geometry, which is called, under the various names of 
‘modern geometry,’ ‘higher geometry,’ ‘projective geometry,’ or, best 
of all, ‘ geometry of position,’ has advanced enormously in importance in 
recent years, and has become a subject of instruction chiefly on the Con- 
tinent, in the polytechnical schools, mainly from the fact that the most 
important of all numerical quantities in mechanics which can be repre- 
sented graphically—namely, force—being capable of direct and complete 
representation by lines, enabled the general applications of the properties 
of geometry of position to be at once made. A large number of propo- 
sitions, which previously had little practical interest, thus assumed a 
physical meaning, which makes them of the greatest value, and the 
science of graphic statics, which occupies probably the largest place in 
Continental engineering schools, owes no small measure of the import- 
ance in which it is held to the fact that it affords a high mental training 
in geometry, which has at the same time direct practical value. 

It is a remarkable fact that the teaching of geometry of position as an 
object in the curriculum of foreign schools is owing, in a large measure, 
to the publication of Culmann’s treatise on graphic statics. Weyranch, 
in his ‘Ueber die graphische Statik—zur Orientirung,’ and quoted by 
Jay Du Bois in his ‘ Graphical Statics,’ says :— 

‘ After von Standt, the strict geometry of position remained a long 
time disregarded, while the synthetic geometry of Steiner has enjoyed, 
without intermission, till the present day a special preference on the part 
of mathematicians. Culmann gave the impulse to a change in this re- 
spect. In his “Graphical Statics” he rests directly upon the work of von 
Staudt, and, with something more than boldness, assumes a knowledge of 
the geometry of position among all practical men. Such a course was not 
indispensable for the foundation of his method, and impeded the spread 
of the graphical statics ; but by it the geometry of position gained. This 
last had next, of necessity, to be introduced into the Zurich Polytechnic, 
and thus arose the first, until now, only complete text-book upon the sub- 
ject, the ‘‘ Geometrie der Lage,” by Reye (Hanover, 1868), as the direct 
result of the ‘*‘ Graphical Statics”,of Culmann. Since then the modern 
geometry has been introduced into all technical institutions throughout 
Germany, and thus placed at the disposal of the arts and sciences.’ 

This subject is so important that it will be alluded to again in dealing 
with graphic calculation. At the same time it may here be pointed out 
that while, as in plane projective geometry, the relative position of lines 
may be manipulated graphically, their position may perfectly well and 
completely be represented by measurement from two fixed points, so that 
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we may use either geometrical construction or mathematical calculation 
of trigonometry and algebra; that is to say, the analytical process may be 
employed to follow the same operations and register the same results. 

As a result of the increasing introduction of graphical methods, a 
science known as the Graphical Calculus has arisen, though until a few 
years ago there was no complete treatise in the English language under 
this head. Now, thanks to Professor T. Hudson Beare’s translation, 
there is available for English readers the ‘Calcolo Grafico’ of Professor 
Cremona.! This work deals with the modern use of lines in geometry, 
as initiated by Moebius, and then in subsequent chapters the combination 
or addition of a number of segments, which is made use of chiefly for 
reciprocal figures of framework in graphic statics ; graphical multiplica- 
tion, which is applied in such important problems as bending moment, 
moment of inertia, deflection, and other matters; the extraction of roots; 
reduction of plane figures, so as to enable their area to be found 
graphically ; the finding of the centre of parallel forces, under the title of 
‘centroids’; and finally some useful propositions on the rectification of 
the circular arc. Many of these propositions the author in a preface to 
the English translation states are not new, and have been known to 
English writers, but there is much that has never been previously written 
in English, or brought together in one book. 

It is therefore unnecessary to refer in detail to these applications of 
geometry treated of in the above work, but it may be remarked that the 
more careful use of lines and notation on the principles set forth by 
Moebius would often prevent much confusion and unnecessary explana- 
tions—sometimes not even then leaving the subject particularly clear—in 
various books dealing with graphical applications. 


Tl. GrapuicaAL REPRESENTATION OF RESULTS. 


1. The Plotting of Diagrams. 


The plotting of experimental results of all kinds, usually by the use 
of Cartesian co-ordinates, has become a universal practice. Scarcely a 
paper containing numerical results is presented to the scientific world in 
which this system is not employed, while in connection with experimental 
research in all laboratories in which instruction is given, the operation 
has become probably nearly as common as the use of arithmetic. This 
has led to the use of ‘squared’ paper, which has greatly facilitated the 
process of plotting, and the annexed figure (fig. 12) gives a number of 
different examples of squared paper in common use. 

For many purposes where special work is done, ruled paper of a 
particular kind is used instead of squared paper. For instance, in 
plotting the results of experiments with the Thurston Testing Machine 
for torsion the lines are ruled radially, as shown in MacLay’s book on 
‘Loci’ (p. 60). : 

There are three principal purposes for which plotting of results may 
be employed :— 

(1) For experimental work, in which the results of a certain number 
of experiments are plotted, and the curves drawn through them, so as to 


1 Graphical Statics, by Luigi Cremona, translated by Thomas Hudson Beare. 
Clarendon Press, Oxford, 1890. 
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enable the general laws to be determined. Thus we find Regnault, in 
his classical experiments on the properties of steam, plots his results, as, 
for instance, the ‘ saturation curve,’ which was drawn in terms of pressure 
and volume, on a copper plate. Almost all experimental work, such as 
that of Ramsay and Young on ‘ Vapour Tensions,’ contributed to the 
Royal Society, Beauchamp Tower on ‘ Friction of Bearings,’ Kennedy on 
‘ Engine Trials,’ Thurston on ‘ Lubricants,’ has been thus plotted; and 
amongst numerous examples which might be quoted of the plotting of 
results leading to the discovery of a law, we may quote the results of 
tests on the strength of cement, which Professor Unwin has shown to 
obey comparatively simple laws, the curves of test approximating to a 
parabolic curve.! 

The following remark, taken from the preface of the important treatise 
of Ganguillet and Kutter,” well illustrates the advantages of this method : 
‘In studying the suhject we made continual use of the graphic method, 
and were eventually led to the recognition of the elements affecting the 
flow of water, and thus to the development of our general formula.’ 

(2) It has become recently more and more the practice to plot the 
results of laws, and experimental data, which would always have been 
given a few years ago in the form of a table. Thus we find in Moles- 
worth’s ‘ Pocket-Book’ plotted results for safe loads on various spans of 
girders (p. 125) and for moving loads (p. 162). In Professor Unwin’s 
book on machine design we find a graphic table of the proportions of 
pipes (p. 16, Part II., 1890), and another on the proportions of keys 
(p. 171, Part I., 1890), and in a more recent book by Foley * we have 
the following examples of the graphical method :—Plotting of curves for 
the expansion of steam for purposes of actual reference, the proportions 
of valves, the extension and loading of springs, of friction, of the propor- 
tion of the teeth of wheels, of proportions of belts, strengths of ropes, of 
the displacements of ships, of the proportions of propellers, bolts, pipes, 
boilers, furnaces, tubes, girders, coal consumption, surface condensation, 
&e., all of these being on a large scale and elaborately prepared, so as to 
enable actual proportions to be obtained by their use. 

Falling under the head of ‘graphical tables’ are the constructions 
devised by M. L. Lalanne,* and published under the following title:-— 
‘Mémoire sur la Table Graphique et sur la géometrie anamorphique 
appliquée a diverses questions qui se rattachent 4 l’art de l’ingénienur.’ 
An example of one of these tables, called by the inventor an ‘abacus’ 
(abaque), was shown as a wall diagram to the Mechanical Section. The 
ordinates and abscisse of this diagram are not numbered according to 
their actual values, but are logarithmic, exactly as the scale on a slide 
rule. By means of this diagram operations of multiplication can at once 
be performed, and by a slight modification products such as ab and the 
/ ab can be readily obtained. 

Professor Culmann, in his book on graphic statics, gives another 
table in which parabolic curves are plotted, by means of which a large 
number of questions of earthwork cuttings and embankments can be 


1 The Testing of Materials of Construction. Professor Unwin, B.Sc. Longmans, 
Green & Co, 

2 A General Yormula for the Uniform Flow of Water, by Ganguillet and W. R. 
Kutter. Trans. Hering and Trautwine. Wiley, New York, 1889. 

’ Mechanical Engineer's Reference-Book. Foley. Crosby, Lockwood & Co., 1891. 

4 Annales des Ponts et Chaussées, 1846, tome i. 
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readily determined. The ‘ Pocket-Book’ of Trautwine on earthwork con- 
tains a large number of cases in which the results of elaborate tables are 
plotted, and can be used much more readily than the tables themselves. 

Many other examples might be cited, such, for instance, as a curve 
given by M. Marey,' in which are plotted various data concerning suspen- 
sion bridges of a certain type, the weights respectively of iron and other 
metals, and wood, as well as the cost, being given for every span within 
a certain limit. 

In fact, there is no limit to the possible number of graphical applica- 
tions, since they can be employed whenever the result is required of two 
quantities which vary simultaneously. It must be remarked, however, 
that the result given by their use cannot be regarded as very accurate, 
though probably they admit of as close a degree of accuracy as it is 
usually possible for an engineer to attain in practical work, and certainly 
have the unquestionable merit of preventing any great error which may 
occur as the result of calculation, which therefore they may well be used 
to check. 

(3) The last, and possibly the most important, object of plotting results 
is the regular work of the engineer or naval architect, in which he sets 
down the results of a few calculations in order to be able to determine 
any others which he may require in the same series. This, as graphi- 
cally treated, becomes a very simple process, and amounts to merely draw- 
ing a curve through the points which he has found and plotted, and 
interpolating all the values that he requires. This, if performed mathe- 
matically, would require difficult and often impossible calculations, and 
it is just for such purposes as this that the graphical method is indis- 
pensable to, and will be invariably adopted by, practical men. 

Mr. Henry H. West, of Liverpool, M.Inst.C.H., Member of the Coun- 
cil of the Institution of Naval Architects, has kindly supplied the writer 
with the following remarks, which admirably illustrate this point in 
connection with naval architecture :— 

‘The principal use which naval architects make of graphic methods is 
to record in the form of curves the results of calculations made for certain 
given conditions, and from these to arrive at similar results for other 


Fig. 13.—Curve of Displacement. 
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conditions by interpolation of new points in the curves corresponding 
with the required new conditions. Beyond this, graphic methods are 
little, if at all, used as a means of calculation. 


1 La Méthode graphique, par K. J. Marey. G. Masson, Paris. 
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‘Probably the most ordinary application of graphic representation in 
this connection is the ‘‘curve of displacement,” in which the ordinates are 
drafts in feet, and the abscisse are tons. For merchant vessels this curve 
is usually of the character shown in the accompanying sketch, fig. 13, the 
upper part of the curve approximating very closely to a straight line. 

‘ Another curve much used isa curve of “ tons per inch of immersion,” 
in which the vertical scale is again a scale of drafts, and the horizontal 
scale a scale of tons per inch. 

‘Its character is generally somewhat like fig. 14. It is used in calcula- 
tions of trim, and to estimate small variations of draft in terms of tons, or 
vice versa. 

‘ Another curve of considerable service is a ‘“‘ curve of midship section 
areas,’ in which, again, the vertical scale is a scale of drafts, and the 


Fig. 14.—Tons per Inch of Fig. 15.—Curve of Block Coefficient. 
Immersion. 
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horizontal scale, a scale of superficial feet. Its general character is very 
similar to that of the curve of displacement. The use of the curve is to 
estimate the area of the furrow, so to speak, ploughed in the water by the 
ship’s forward progress. 

‘ Another curve which is sometimes plotted is the curve of ‘“ block co- 
efficients,” or the ratio which the volume of the immersed part of a vessel 
bears to the volume of a parallelopipedon of the same extreme dimen- 
sions, and is useful for comparison of ship with ship. 

‘Its vertical scale is a scale of drafts, and its horizontal scale, a scale 
of decimal parts, or percentages. Its general character is much like that 
of the curve of tons per inch of immersion (see fig. 15). 

‘Somewhat different kinds of curves are the curves of “locus of meta- 
centres” and of “ locus of centres of buoyancy ”’ (fig. 16). As these points 
are heights on the same vertical, varying with the draft of the vessel, 
which may also itself be considered as a height, all the points representing 
different conditions would range in the same straight line, and would there- 
fore be confused. To meet this difficulty two scales of draft are drawn, at 
right angles to one another, and the points in the curves are marked 
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yertically up or down, from the points of intersection of perpendiculars to 
these two scales at the same draft. 

‘If the two scales are scales of equal value, as they usually are, the 
same result is manifestly gained by simply drawing a line at an angle of 
45° from the maximum draft (as O to XV 
in the sketch), and dropping a vertical 
through that line at any draft for which 
the height of the metacentre, or centre 
of buoyancy, has been calculated, and 
then passing a curve through the points 
so found. Usually, the curve of centres 
of buoyancy is practically a straight line, 
except at the lower part. It is difficult 
to predicate the form of the curve of 
metacentres, as its character varies very 
much in different types of ships; but for 
ordinary modern cargo-steamers it is 
usually concave upwards from the base 
line, and has its greatest values at the 
lowest drafts. It is, of course, possible 
to devise numbers of other curves which may be serviceable, but the 
above are those which are most commonly used, and the data for them 
are generally calculated, even when the results are not plotted down 
graphically. 

‘ Stability curves (Sg. 17), in which length of righting arm is measured 
vertically, and angle of heel is measured horizontally, are sometimes calcu- 
lated and plotted, but by no means universally. 


Fie. 16. 


Hie. 17. 


‘To be of practical utility they require to be extended by plotting 
different curves for different positions of the height of centre of gravity, 
corresponding with different conditions of loading. 

‘Speed curves, in which indicated horse-power is measured vertically 
and speed horizontally, are commonly plotted for large passenger and 
mail steamers, and these are sometimes extended by plotting different 
curves for varying drafts ; but these curves, when based upon mere hypo- 
thesis, are not of much practical value, and, as the experimental data for 
them cannot be obtained without a considerable outlay, they do not occur 
in ordinary practice. 

‘The curves which I have elaborated most in the foregoing memoran- 
dum are those which are most frequently used. They are often combined 
in one diagram, in a way which will almost naturally suggest itself, but 
which I need not describe here, as it will be foreign to your purpose. I 
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have spoken of and sketched roughly the usual character of the curves. 
Of course, this must depend in some measure on the ratio of the vertical 
and horizontal scales to one another, and I think you would do good 
service if you pointed out the desirability of some recognised convention 
as to what this ratio should be for any particular kind of curve. I have 
myself pressed the importance of this in discussion at the Institution 
of Naval Architects, but there has been little response. For instance, 
a stability curve drawn with a ratio in the scales of 1:1 is a very 
different-looking curve from one drawn with a ratio of 4:1, and, as 
will be seen from a comparison of figs. 17 and 18, might be misleading. 


‘The literature of curves is, of course, as scattered as the subjects they 
relate to. The principles of them are dealt with in almost any work on 
naval architecture, but their special applications are treated of in Rankine’s 
** Shipbuilding, Theoretical and Practical’; White’s ‘‘ Manual of Naval 
Architecture ”’ ; Reed ‘‘ On the Stability of Ships’; Thearle’s ‘‘ Theoretical 
Naval Architecture ”’ ; the “‘ Annual of the School of Naval Architecture ”’ ; 
the “ Transactions of the Institution of Naval Architects’; the ‘‘ Trans- 
actions of the Institution of Engineers and Shipbuilders in Scotland ”’ ; the 
“‘ Transactions of the North-East Coast Institution of Engineers and Ship- 
builders,” and “The Proceedings of the British Association,” in which 
some of the late Mr. Froude’s most valued papers may be found ; and 
others too numerous to mention.’ 

Mr, Brodie, the head-draughtsman of the Mersey Docks and Harbour 
Board, informs me that as a regular thing there are plotted in that office 
(1) ordinary sections of ground, (2) tidal curves, (3) slopes of tidal sur- 
face in the estuary, (4) discharge of pumps under different heads, and 
pump performances generally, (5) the stresses in various framed struc- 
tures, (6) engine performances, showing total power and losses on the 
hydraulic systems of the docks, (7) a number of matters not directly 
engineering, such as the amount of cotton discharged on certain quays on 
certain days of the year, the discharge of the dock dredgers in certain 
places, the capital values of certain property at certain times, the time 
worked by the dredgers, and time lost in repairs by bad weather, &c. 

An interesting case of plotting has been largely employed for the 
work in the estuary of the Mersey, in connection with a new sounding- 
machine devised by Mr. Sutcliffe, one of the engineers of the Docks 
and Harbour Board at Liverpool. This apparatus was designed with a 
view to the carrying on of an extensive system of soundings at and 
about the river-entrances to the New North Docks at Liverpool, and 
its use there proving to be so advantageous that it has been matured and 
modified to meet the general requirements of river and coast work. By 
its means soundings can be taken very accurately, and with much less 
labour than is possible by any other existing means. It admits of sound- 
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ings reduced to any datum level being obtained direct, and without any 
calculation. And it enables the operations of taking soundings and plot- 
ting the same to be performed simultaneously and by one person, 

The apparatus consists of a sounding-machine, a distance-recorder, 
and a section-plotter. The sounding-machine consists of a wheel with a 
spiral reel attachment; around its periphery is wound a wire by which a 
lead is suspended, and the spiral reel carries a preventer line, one end of 
which passes through a leading-block fixed at the forward end of the 
boat on which the apparatus is mounted, and thence it is taken back to 
the lead, to which it also is attached. A wheel and reel are employed so 
proportioned relatively to each other and to the base that they both pay 
out or take in the required amount of their respective lines to maintain 
the lead vertically under the after-end of the base line at all depths of its 
range. The wheel is 10 feet in circumference, and its rim is divided into 
feet and tenths of a foot. One end of its axle has a sleeve-bearing, to 
which are attached a long pointer and a short one, the longer pointer to 
indicate readings on the rim of the wheel, and the shorter one to show the 
reading on a fixed disc which is marked similarly to the wheel. 

The section-plotter consists of a paper feed-roll, actuated so that the 
travel of the paper represents to the required scale the paying out of the 
distance wire. A block, sliding in guides, carries a marker across the 
paper at right angles to the line of its travel; it is actuated by a cord 
froma small barrel clamped to one end of the axle of the sounding-wheel, 
capable of being turned about the same for adjustment, and so propor- 
tioned as to indicate, on the required scale, the rise and fall of the lead 
by the motion it imparts to the marker. 

The plotting of the soundings is effected by simply tapping the marker 
—which is kept clear of the paper by a spring—each time the lead is felt to 
touch the bottom, and thus there is produced a dotted section to a trial 
datum, from which, and from a tide-gauge record, the true datum line 
may be plotted, time having been noted at each end of the line. The 
position of cross-sights, bearings, &c., may be indicated by holding the 
marker in contact with the paper while the lead is being raised, so as to 
produce a vertical stroke, the particular mark so obtained being desig- 
nated by a note written against it. 

Mr. F. G. Baily, B.A., A.Inst.E.E., has kindly furnished the follow- 
ing notes on the plotting of curves for practical electrical work :— 

‘In the science of electricity and in the practice of electrical engineer- 
ing the employment of graphic methods is very general. The curves 
may be used as the numerical interpretation of calculated formule, or as 
a means of giving in a connected form the results of a number of experi- 
mental data which frequently are not amenable to mathematical treat- 
ment, and cannot be embodied in algebraic form. 

‘One of the earliest and simplest examples of the latter use is the repre- 
sentation of the magnetic field of an electro-magnet or permanent magnet 
by Faraday’s lines of force, and the method has been greatly developed 
of late years in the researches on powerful magnets, and in dynamo- 
electric machinery. 

‘In connection with this a very important curve of the magnetic 
properties of metals has formed the subject of much work, carried out 
principally by Rowland,! J. Hopkinson,? and Ewing,? and the results 


' Phil. Trans., May 1873. 2 Tbid., 1885. 
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are given in a curve showing the relation between the magnetising force, 
H, and the resulting induction, B. 

‘The same curve continued through a complete cycle of positive and 
negative magnetisation gives the value of the hysteresis of the iron, and 
the variation of this quantity with the induction is plotted in another 
curve. 

Fie. 19. Fie. 20. 
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‘These two curves give the wholemagnetic properties of iron, and hence 
are in constant use in all caleulations of electro-magnetic machinery, the 
more so as they have not been reduced to a convenient equation for 
mathematical treatment. ; 

‘One of the most important curves in connection with this is the 
characteristic curve of a dynamo, as drawn by J. and E. Hopkinson.' 
The relation between the difference of potential at the terminals of a 
dynamo running at constant speed, and the exciting current round the 
field magnets, is plotted as a curve (fig. 21), and they show how, from a 


Fig. 21. 
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knowledge of the curve of magnetisation of the iron and the dimensions 
of the machine, the shape of the curve may be foretold with considerable 
accuracy. When developed in a third direction, representing the current 
flowing through the armature, a surface is obtained showing the complete 
behaviour of the dynamo. 

‘ Curves are of the highest importance in the manufacture of dynamos, 


1 Phil. Trans., 1886. 
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both by indicating where improvements may be made, and in facilitating 


the design of new types. By their means also several problems, such as 


the limiting speed at which a shunt-wound motor will excite itself, are 
readily solved. Besides the characteristic a large number of other curves 
are in more or less use in dynamo and motor design, such as the curve 
showing the relation between the speed of rotation of a motor and the 
exciting current round the field magnets, when a constant difference of 
potential is maintained at the brushes. The speed being the reciprocal 
of the effective induction through the armature, the form of the curve 
(fig. 22) is a combination of a rectangular hyperbola with the charac- 
teristic of the machine, the saturation of the iron modifying the hyper- 
bolic form as the exciting current rises. 
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‘Various problems in electro-magnets, as regards their attractive force, 
may be solved and the results rendered clear by this method.! 

‘In investigations on alternate-current machinery the graphic method 
is largely used. The value of the current varying as to time necessitates 
a more or less complicated expression. When the current follows a 
simple law it may readily be treated analytically, but, owing to the effect 
of induction in the circuit, in practice the law becomes very complex. 
Tf, as is generally the case, any part of the field in the neighbourhood of 
the dynamo or transformer coils or of the external circuit contains iron, 
the expression for the induction will be a function of the value of the 
induction of the iron, and this cannot at present be expressed in an equa- 
tion in terms of the current alone. Hence we are forced to obtain the 
values of the current at each moment experimentally, and we can only 
make use of them by constructing the curves connecting the values of 
the current and time. Many such curves have been made, and show 
curious deviations from the simple law (fig. 23). 

‘By another application we may plot the variation in phase between 


the current and the impressed E.M.F., and the changes produced by the 


introduction of condensers and choking coils into the circuit. The use of 
these curves, even when hypothetical, is shown in Professor EK. Thomson’s 
explanation of electro-magnetic repulsion.? 


1 Jenkin, ‘ Transmitting Power of an Electric Friction Clutch. Proce. Inst. CL., 


vol. cii. 
2 J. Hopkinson, Hlectrician, June 24, 1892. 
8 Electrical Engineer, New York, 1887. 
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the current. 


The horizontal motion is given by reflection from a set of 


revolving mirrors, and a spot of light passing from them to a screen traces 


the curve of the variation of the current. 


Fig. 24. 
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‘A development of graphic methods for 
recently brought into prominence in the plo 
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‘ Some load diagrams for each month of the year in the Berlin central 
stations are given by Professor G. Forbes.1_ They show the output of the 


station and the various components in the cost of working. The import- 


ance of this knowledge is demonstrated by Mr. Crompton,? and in his 


paper, and in the report of the subsequent discussion, are a large number 


of examples of curves rendering observed data more intelligible. From 
the shape of the curve may be deduced what is the most economical size 


for the units of the generating plant, and, if direct currents are used, 


the best combination of dynamos and accumulators. Other useful curves 
are the variation in the coal consumption, and the variation in the cost 
per unit of electricity according to the time of year and the nature of 


the district; and the latest development in this line is the use of curves 


in the reports of public companies instead of tables of statistics. These 
are drawn to show the operations of the year and the increase of 
business.* 

‘The curves of the current used on an electric tramcar or locomotive 
are very curious, and demonstrate clearly the exceptional nature of the 
work required of the motor and supply stations, or batteries. Several 
examples have been given by Mr. Reckenzaun (fig. 25). 
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‘A similar set of curves has been prepared, by Mr. A. Siemens, of the 
power used on the locomotives of the City and South London Electric 
Railway, presented at the present meeting to the British Association. 

‘Curves of the efficiency and candle-power of incandescent and arc 
lamps have given valuable information on the most economical way of 
using them, the most usual form being the relation between the candle- 
power and energy absorbed for different current strengths, and the varia- 
tion in the quality of the light.° 

‘Experiments on the output and efficiency of primary and secondary 
batteries are usually shown in the form of a curve giving the variation im 
the E.M.F. with respect to time for various current-strengths ° (fig. 26), 
and variations of E.M.F. with different strengths of electrolyte. 


1 Proc, Inst. H.E., February 1889. 2 Proc. Inst. C.U., April 1891. 
3 Report of Second Annual Meeting of City of London Electric Lighting 
Company. 


4 Proc. Inst. C_H., March 1892. 

5 AP. Trotter on ‘The Electric Arc’ (Proc. Inst. C.H., April 1892); and see a 
Report on Glow-lamps (Zlectrician, July 1892). 

6 Ayrton, ‘Secondary Batteries’ (Proc. Inst. L.E., July 1890); Gladstone and 
Hibbert, Proc. Inst. #.#., May 1892. 


398 REPORT—1892. 


‘As a means of calibrating an instrument and preparing the scale the 
graphic method is very largely used. Several points on the scale through- 
out the range are carefully noted, and the scale-readings in terms of 
degrees are plotted in a curve. From this curve the position of standard 
points—10, 20, 30, &c.—are read off without the trouble of exact adjust- 
ment of the current or H.M.F. to these values. 

‘Tables of corrections for instruments are most conveniently arranged 
as a curve when they are small. 

‘Though these curves are usually plotted by hand from the results of 
experiment, the instruments may be made to give a continuous record on 


Lime 12 Lars 


a moving sheet of squared paper. Voltmeters and ammeters for this 
purpose are made by MM. Richard Fréres, and are in general use in 
central supply stations, serving as a check on the intermittent readings 
of the other instruments, and indicating the degree of watchfulness on 
the part of the attendants, where a constant current or constant difference 
of potential is required. Mention may also be made of Professor Ewing’s 
magnetic curve-traces presented at the present meeting of the Asso- 
ciation. 

‘Tt will thus be seen that the use of graphic methods is very general in 
the practice of electrical engineering, and the range of its applicability is 
considerable. In fact, in many cases it is the only available means of 
utilising and drawing deductions from experimental data, and in all 
cases it is a great help towards a clear comprehension of observational 
results.’ 

Mr. Malcolm Walker, late manager of the ‘Sanogen’ Ventilating 
Company, liverpool, employs in the regular course of his practice a 
method of plotting for determining the efficiency of hydro-extractors 
in which a jet of water is used in order to exhaust the vitiated air from 
a building. Fig. 27 is a specimen of a curve taken from such an 
apparatus, and enables the efficiency of the arrangement to be at once 
determined. 

It will there be seen that the pressures of water used for the jet are 
used as abscisse, and the quantity of air abstracted as ordinates. In 
another case the same principle is employed when a fan is used, the 
number of revolutions forming the abscisse, and the air extracted the 
corresponding ordinates (fig. 28). This also enables the efficiency of 
the contrivance to be at once seen, and the proper speed at which the fan 
should be worked. These observations are made regularly twice a year. 
Mr. Walker also plots regularly every two months the installation, resist- 
ance and deterioration of electric surface, fig. 29 being an example of the 
curves obtained. 
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Frag. 27.—Weight of Water in Pounds. 


Fi1q. 28.—Time in Minutes. 
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Fig. 29.—Time in Months. 
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F1q. 30.—Time in Minutes. 
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_ Another example of plotting, which the writer believes to be novel, is 

the fall of polarisation of batteries used for telephones, &c., and the 
gradual rise of electro-motive force afterwards, as shown in fig. 30. 

This has in one or two cases led to the discovery of the cause of 
failure in telephonic arrangements to be due to the batteries, and not to 
the telephone, as was at first supposed. 

Before leaving the subject of plotting diagrams, it would be as well 
to remark that the examples which have been given must necessarily be 
but a small proportion of the cases which might be cited. Thus, in many 
treatises in which graphic representations are given the action of forces, 
such as diagrams of bending moment, shearing force, moment of inertia, 
velocity, efficiency, &c., which may be calculated graphically, is fre- 
quently calculated by numerical methods, and afterwards merely plotted, 
so as to present the results of calculation in a graphic form. 


2. Instruments for Drawing Known Curves. 


The use of the ruler and compass for drawing known curves is 
postulated in Euclid, and they still retain the place of honour, as by far 
the most important instruments of the kind in graphic methods. 

It is often required to draw a straight line, without using a ruler, with 
indicator diagrams, and for other work, and then some form of straight- 
line mechanism must be used. A valuable amount of information on the 
subject is to be found in the treatises of Professor Goodeve,' Professor 
MacLay,? Mr. Kempe,? and Professor Kennedy.* 

In an article by the late Professor H. J. S. Smith ° in connection with 
the Collection of Scientific Apparatus of 1876, the following improve- 
ments in recent years in compasses are noted :— 

1. The arrangements adapted for very fine work, and known as hair- 
compasses, needle-point compasses, and spring-dividers. 

2. The proportional, or reducing compasses, by which we are enabled 
to reduce or augment in any given ratio the distances which we transfer 
from one drawing to another. 

3. The triangular compasses, by which the position of three points 
forming a triangle can be transferred from one drawing to another, and 
which thus serve as an instrument for transferring angies. 

4. Tbe beam-compasses, consisting of a beam or bar along which the 
two points of the instrument may be moved backwards and forwards, the 
distance between them admitting of adjustment with great precision by 
means of a micrometer screw. 

With regard to the other instruments for drawing curves he remarks :— 

‘It is by no means an easy matter to invent a good method of 
tracing a curve. Even when the theory of a curve is pretty well 
known, that theory may fail to suggest any mode of describing it 
mechanically ; and not every mode which theory suggests can be made 
to work accurately in practice.’ He afterwards mentions elliptic trammels 


1 Elements of Mechanism, by Professor Goodeve. Longmans, Green, & Co. 
? Mechanical Drawing, Part I., ‘Loci, by Professor A. MacLay, B.Sc. 
& How to Draw a Straight Line, by A. B. Kempe (Watwre Series). 
* Mechanics and Machinery, by Professor A. B. W. Kennedy. Macmillan & Co. 
a : Handbook of the Special Loan Collection of Scientific Apparatus. Chapman & 
all. 
1892. DD 
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and certain other elliptic compasses, and the conicograph of Dr. Zmurko, 
of Lemberg, which describes all three conic sections. 

Since the above date there have been several improvements in instru- 
ments for drawing ellipses, amongst them the conograph, which is the 
invention of Mr. A. C. Campbell, of Bridgeport, Conn., U.S.A., described 
in the book of Professor MacLay abovementioned, an account of which 
is contributed to the ‘ Transactions of the American Society of Mechanical 
Engineers,’ vol. viii. p. 145. 

The most important of recent contributions on the subject of ellipto- 
graphs is that by Professor Alexander and Mr. A. W. Thomson.! The 
authors mention three modes of generating the ellipse—by (1) a point 
fixed to the body with two or more studs, and oscillating in straight 
slots; (2) a point rigidly fixed to a circular wheel, rolling inside another 
of double its diameter; (3) a point describing an antisatellite motion of 
double angular velocity round another describing a circular orbit. 

The first is, of course, the old elliptic trammel ; but they have designed 
an important improvement, to obviate the objection in the ordinary 
arrangement of the impossibility of obtaining with the ordinary pen a 
clean line of uniform thickness, since the pen gets broadside at certain 
parts of the curve. Their arrangement consists of a steering-needle, 
which always forms the normal to the ellipse being generated, the 
principle of a circle rolling in another twice its radius being employed to 
attain this result. 

The second improvement they mention is an example of the anti- 
satellite method of describing an ellipse, which is used for teaching 
purposes in connection with Rankine’s ‘ Method of the Ellipse of Stress.” 
This arrangement, which is used on a blackboard, consists of a T-square 
pivoted to the board at the butt, and a pointer pivoted to the blade of the 
T-square. At the back of the blade, where the pointer is pivoted, is a 
wheel fixed, on this wheel an endless chain is wrapped, which passes 
round a wheel fixed to the board at the point where the butt is pivoted ; 
hence, if the blade of the T-square is turned to the right, the pointer 
automatically turns to the left, so that the bisector of the angle between 
the pointer of the blade is always vertical. By this arrangement the end 
of the pointer describes an ellipse. 

They next describe an improved elliptograph, for continuously de- 
scribing an ellipse of every eccentricity, by means of a wheel rolling in a 
circular rack of twice its diameter. The circular rack may be dispensed 
with if a gauged endless chain wrapping round two wheels is used. 
Further modifications are also shown, one designed by Mr. Yeates, which 
is a frame in the form of a ring standing on four legs, armed with prickers 
to pierce the drawing-board so as to hold the frame steady, and at the 
same time mark the position of the principal axis. The lower ring, 
concentric with the other one, runs in four grooved wheels, one in each 
leg. One difficulty in the construction of this mechanism is to make the 
lower ring, which runs in the grooved wheels, truly concentric with the 
cross formed by the slots in the principal ring. 

Yet another mechanism is described, in which bevel wheels and a 
framework form a part, and a steering-needle being always on the radius 
of what corresponds to the planet in the anti-satellite motion. This 


1 ¢Eilliptographs,’ by Thomas Alexander, M.A., and A. W. Thomson, D.Sc. 
Transactions of the Royal Irish Academy, vol. xxix. p. 673. 
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_ instrument works with great smoothness, as, with the exception of the 


driving bevel wheels, it consists entirely of linkwork. At the end of the 


paper mechanism is suggested for continuously describing bi-circular 


quartics. 

The actual problems solved by means of the ellipse will be alluded to 
when dealing with the ellipse of stress and other graphical methods. 

The parabola is another important curve in graphical methods, the 
power of drawing which is indispensable in every problem of bending 
moment on girders subjected to any uniform or travelling load, and for 
many other problems. From the fact that all parabolas are similar, it is 
a simple matter to have parabolic curves of cardboard or other material 
of various sizes, and, having used whatever size may be most convenient, 
to find the constants for the particular problem. The authors above- 
mentioned have designed a mechanism, points in which simultaneously 
describe parabolas required in problems of bending moment.! This 
mechanism consists of a board, slot frame, compass bars, transverse bar, 
distance-piece, and distorting-table. As the slot frame moves across the 
face of the board all points in the mechanism describe the same parabola 
in different positions. By means of this model bending moment can be 
clearly demonstrated for any point of the span, whether for a concentrated 
load or for a load distributed over several points, as in the case of a rail- 
way train, either longer or shorter than the span of the bridge or girder 
under consideration.” 

Professor H. J. 8S. Smith mentions the apparatus of Mr. A. E. 
Donkin for tracing harmonic curves—a machine drawing as many 
different forms of the curve y=a sin (m#+A)+b sin (nx+B) as there 
are means for varying the constants a, b, m, n, A, B, the number of 
variations being practically unlimited, except in the case of m and n, 
which are the number of teeth in certain wheels, which therefore admit of 
only a limited number of changes. 

The most important curves used in the teeth of wheels are the 
involute, cycloid, epicycloid, and hypocycloid. Practical modes of de- 
scribing these are given by Professor Unwin. 

Another curve which has important properties, and which may be used 
for the extraction of roots, is the logarithmic spiral; it may also be sub- 
stituted for table logarithms, as mentioned by Professor Favaro in his 
book on graphic statics. The same author describes the gabarit of 
Professor Steiner,’ which is an instrument for facilitating the construction 
of logarithmic spiral, and may be applied to graphic calculations. The 
centre of the curve can be marked upon the paper by means of a pricker 
which passes through a small hole, The apparatus has, according to 
Professor Favaro, the following uses :— 


1. The curve presents a series of curvatures of which the radii cross 


1 Moment Delineator, by Professor Alexander, M.A., and Mr. Arthur Thomson, 
B.Sc. Institution of Engineers and Shipbuilders in Scotland. Read November 19, 
1889. 

? A clear elementary treatment.of the use of the parabola in problems relating to 
girders is given in the Applied Mechanics of Messrs, Alexander and Thomson, 
Macmillan & Co. 

% Elements of Machine Design, by Professor Unwin, B.Sc. Longmans, Green, 
& Co. 

‘ Legons de Statique graphique, par Antonio Favaro. Traduites de litalien par Paul 
‘Terrier. Gauthier-Villars, Paris, 1885. 
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with continuity, and they lend themselves better than any other form to 
the juncture between any curve whatever. 

2. A portion of a curve being given, one can find rapidly the centre 
of curvature without using the compass. 

3. The development of a given curve can be rapidly constructed 
without using a compass or rule. 

4, Calculations can be readily performed with it. 


A very interesting class of modern instruments, called ‘ integraphs,’ 
has been invented by Mr. Abdank Abakanowicz and Mr. Vernon Boys. 
These instruments draw what is known as the ‘integral curve’ when a 
pointer is passed round the periphery of a figure whose area is required.! 


3. Self-recording Instruments. 


There is no class of instruments which have increased to such a great 
extent as those which record their own results in the form of a curve or 
mark of some kind. An instrument of this kind may be used for an 
almost countless variety of purposes, but many of them have certain 
features in common, or differ in certain important particulars, which 
enables the subject to be considered under a comparatively limited number 
of heads. 

1. All instruments have some kind of marking arrangement, and 
some kind of prepared surface on which the record is made. 

2. Almost all instruments of this kind have some contrivance for 
giving motion to the surface upon which the record is obtained, and this 
motion corresponds to the change in one of the two variable quantities 
which are to be recorded. 

3. The marking arrangement, which makes the record, is actuated by 
means of some mechanical contrivance so as to correspond in position to 
the magnitude to the other variable quantity. 

These facts supply the headings under which the subject may be 
studied. 

1. The arrangement for marking may consist of — 


a. Pricker, which makes a puncture or mark of some kind at 
certain intervals. 

b. Pencil drawing upon ordinary paper. 

. Metallic pencil drawing upon prepared paper. 

. Twisted spiral of one convolution marking the surface in con- 

tact with it. 

e. Astyle scraping a surface of smoked paper or glass, or some other 
prepared surface. 

f. Pens writing a record with some kind of ink. 

g. Siphon-recorder of Sir William Thomson. 

h. A spot of light reflected from a mirror acting upon a chemically 
prepared surface. 


Qa 


Of course, nothing but practical results can decide which is the most 
suitable of all these for any particular purpose, and, from inquiries which 
the writer has made, it appears that a great difference of opinion exists 
on the subject. 


1 Les Integraphes, by Mr. Abdank Abakanowicz. Gauthier-Villars, Paris, 1886, 
‘Integrators, by C. Vernon Boys, Phil. Mag., 1882. 
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For indicator diagrams a pencil of some kind is invariably used, 
generally a metallic pencil, in contact with paper the surface of which is 
prepared with lime whiting and size. Messrs. Bailey & Co., of Salford, 
who have a very extensive experience on the subject, prefer aniline 
pencils, which give an indelible mark, requiring no sharpening, as lead 
pencils do, and do not necessitate the use of specially prepared paper. 
Figs. 31, 32, and 33 show the arrangement adopted for a very large level- 
recorder by Messrs. Bailey ; the pencil is here loaded by the small 
weights (A); the other details will be alluded to hereafter. They con- 
sider metallic pencils have too much friction for the ordinary purpose of 


Fig. 31. 


self-recording instruments, while when using some kind of aniline ink 
they find that the ink dries if placed in the engine-house, where the tem- 
perature is above that of the ordinary atmosphere, especially when a 
record is being made at a very slow rate. On the other hand, when in 
a moist situation, recording paper becomes damp, and the ink flows too 
pred upon it, making too coarse a record, rapidly exhausting the supply 
of ink. 

Such, however, is not the experience of another, and probably an 
equally well-known firm, Messrs. Richard Fréres & Co., of Paris and 
London, who, for the vast number of self-recording instruments which 
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they make, never use any other means of obtaining records but a small 
pen supplied with aniline ink, which invariably continues to act for at 
least twenty-four hours, and will, under favourable conditions, continue at 
work for weeks or even months. Of course, the composition of the ink 
used has been the subject of very careful study by that firm, and great 


Fie. 32. 


care must be taken to prevent pressure with more than the very slightest 
force against the surface of the paper, or it scrapes up a sort of fur, which 
soon stops the action of the pen. 

The spiral has been used with various instruments where it is more 
convenient to turn the marking arrangement about its axis than to move 
it to and fro; thus, in the self-recording water-meter devised by the 
writer ' this arrangement was used, also in the instrument for giving the 
direction of the wind manufactured by Messrs. Bailey & Co. for the 
Salford Town Hall. It is clear that the spiral, being in contact with the 
paper wound round a cylindrical drum, will mark it at any point along 
the drum corresponding to the angle through which it has been turned. 
Fig. 34 shows the recording portion of this instrument. 

The last two means of recording to be mentioned, viz., g and h, are 
the only two which are suitable for obtaining a diagram where it is im- 
perative to have no friction at all at the recording-point. 


' «The Measurement of Velocity,’ by H. 8. Hele-Shaw. Min. Proc. Inst. C.E., 
vol. Ixix. p. 364. 


ee eee 
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The spot of light is used chiefly in meteorological instruments, as at 


_ Kew Observatory. 


This arm and. wheels to be loose 
and swivel on pur. 


Sir William Thomson’s siphon-recorder was invented by him as the 
outcome of his device for regulating the arrival of an electric impulse 
through long submarine cables. It was used by Professors Jenkin and 
Ewing! in their experiments on the friction Fra, 34 
between surfaces moving at low speeds. This ae 
contrivance, a small, fine siphon glass, has its 
shorter end dipped in aniline blue dissolved in 
water, and the longer has its point bent so as 
to stand almost touching the surface of the 
paper. In order to make the ink run through, 
so as to be deposited on the paper, it is con- 
tinually maintained in a state of electrification ; 
thus a continuous flow is obtained, forming a 
fine line, without involving any friction. . 

The kind of paper used for graphic records is a very important 
matter, and Messrs. Bailey & Co., and others, have found it necessary, to 


1 «On Friction between Surfaces moving at Low Speeds,’ by Fleeming Jenkin, 
F.R.S., and J. A. Ewing. Philosophical Transactions of the Royal Society, vol. clxvil. 
part. ii. 
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prevent errors of scale, to have them lithographed with ruled lines. Such 
paper should always be tested, and, if possible, the actual scale marked 
on it. 

2. Coming now to the means of moving the paper or other prepared 
surface, it may be said that the almost universal practice is to adopt the 
cylindrical drum for carrying the record. Moreover, it may be said 
that in the majority of cases this drum is turned by clockwork, although 
there is one most important class of instruments in which this is not the 
case, namely, the steam-engine indicator. 

For large instruments—such as tide-gauges, anemometers in observa- 
tories—a pendulum or weights are used for giving motion to the barrel, 
but in the majority of cases this contrivance would occupy too much 
space, and springs are employed. Continuous papers are frequently used, 
enabling records to extend over long periods of time, as with the Edson 
steam-pressure recorder; but the general practice is to have a special 
chart for each day. 

The manner of connecting this chart to the barrel is a matter of no 
little importance. In the case of the steam-engine indicator the barrel 
does not turn through a whole revolution, and hence the projecting clips 
do not present a serious objection; but in barrels which revolve this 
matter must be provided for, and special precautions are taken by 
Messrs. Richard, Bailey, and others to prevent injury to the recording- 

oint. 
‘ There are some recorders in which a flat surface is used, such as 
Bristol’s recording pressure-gauge, on which a circular sheet of paper is 
attached to a revolving dial, and the pressures are recorded radially, or 
nearly so, while time is measured round the circumference. 

A special feature of Messrs. Richard Fréres’ recording instruments is 
to be found in the fact that the recording-point is almost invariably 
carried on a lever working about a centre, and hence the paper on their 


Fig. 35. 


instruments on which the record is obtained has to be ruled in a special 
manner, an example of which, taken from one of their self-recording 
ampére meters, is given in fig. 35. A report on the subject of Messrs. 
Richard’s instruments has been given by M. le Colonel Sébert.! 


* ‘Notice sur les Instruments Enregistreurs construits par Richard Fréres, 
coraprenant le Rapport de M. le Colonel Sébert 4 1a Société d’Encouragement pour 
Industrie nationale et l'Exposé des Perfectionnements et Applications Nouvelles,’ 
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By having a straight-line motion instead of employing the arc of a 
circle, the above kind of ruled paper is not a necessity, and the area of 
the curve, when desired, is more easily obtained. With the larger instru- 
ments, such as those of Mr. Bailey, a small chariot is often employed for 
carrying the pencil, and this runs to and fro on rails above the drum, 
which is placed horizontally. The chariot itself is loaded, and the pencil, 
as already mentioned, is also loaded, but with much smaller weights. 
Figs. 32, 33, and 34 show the kind of chariot which has been largely 
used in the case of tide-gauges and reservoir-level recorders by Mr. 
Bailey. 

its may be mentioned generally that it has become the custom to 
always encase such recording instruments ; usually a glass front is em- 
ployed, so that the kind of record being taken can be seen on inspection. 
Mr. Bailey has found, after much experience, that it is better to use cast 
iron for the case, as the change of form of wooden cases often led to 
errors in the instrument. 

3. The means by which the position of the recording point is regu- 
lated may be made the basis of classification for self-recording instru- 
ments, as follows :— 


a. Level of water, mercury, or spirit. 

b. Pressure of steam, air, or water. 

c. Magnetic attractions for electrical purposes. 

d. Velocity. 

e. Temperature. 

f. Vibrations and shocks. 

g. Change of position from loss or gain of weight. 
h. Chronographs, tell-tales, and similar instruments. 


These headings will now be taken seriatim. 

a. This class includes various kinds of tide-gauges, reservoir and 
boiler level recorders, recorders for the depths of wells or record of rain- 
fall, and for the height of the barometer. 

A large instrument of this kind, which also records velocity, made by 
Messrs. Bailey, has been described in a paper by Mr. Hurtzig! as follows : 

‘A ball-float moving in a tube actuates a pencil, which records, on a 
sheet of paper upon a drum revolving by clockwork, the varying heights 
of the water, 2 inches on the diagram being equal toa fluctuation of 
12 inches of water; the diagram revolves once in twenty-four hours—1 
inch=1 hour. For recording the velocity it was determined to register the 
angular displacements of a spherical ball which, when at rest, was 
suspended in a vertical position, with its centre coinciding with the centre 
of the 5-foot culvert. This ball is attached to the long arm of a lever 
pivoted to a small bracket fixed to the top of the culvert. 

‘The short arm of the lever is connected by a platinum wire and 
system of levers, all duly counterbalanced, with a second recording- 
pencil upon the revolving drum. 

‘The recording diagram indicates the level and velocity for a period of 
twenty-four hours. That portion of the diagram referring to level is divided 
so as to give actual depths of water upon the sill of the sluice, the conditions 
of the clause requiring that when the depth reaches 4 feet 6 inches, and 
the sluice doors are closed, pumping must be carried on. 


1 «Tide-gauge Recorders,’ by A. C. Hurtzig, read at the International Congress of 
Inland Navigation. 
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‘The determination of the divisions on the diagram, and of the 
angular displacements of the ball, corresponding to certain velocities, 
were the results of numerous and careful experiments carried out on the 
old Bolton and Manchester Canal by the makers of the instrument, and 
Mr. Hurtzig was satisfied that the instrument would give all the informa- 
tion required ; and since the date it was erected it has worked well, and is 
now in perfect order.” __ 

For waterworks such recorders are approximate water-meters, 
every increase in the height of the water measuring a known quantity 
(say 1,000,000 gallons for every eighth of an inch rise), so that they 
form a check upon the water-meters supplying the town. 

The late L. J. Crossley, Esq., designed a rainfall-recorder which, 
though arranged for ordinary purposes, could, during a thunderstorm or 
sudden downfall, be so altered as to cause the drum to revolve once in 
an hour instead of once in twenty-four hours by means of a wheel put 
in gear by a magnet worked from Mr. Crossley’s house, more than a mile 
distant. The matter of distance presents no difficulty in the way of 
obtaining a continuous record of the height of water in a reservoir or 
aqueduct ; thus, Messrs. Richard Fréres make an instrument, designed by 
M. Grivola, in which only one wire is employed, which may be used to 
record the level by electric means at any distance. 

For short distances, such as about 50 yards, the same makers have 
an instrument which consists of an iron case, perforated with holes, con- 
taining an indiarubber bag filled with air. ‘This bag is connected by 
means of a copper tube to a self-recording pressure-gauge, and the case 
is immersed in the liquid. The air pressure, and consequently the height 
of the liquid, is indicated and recorded by the pressure-gauge, and as 
there exists no contact between the liquid and the air, the latter cannot 
get dissolved and the indications are always correct. 

The tide-gauge, designed by Sir William Thomson, is well known, and 
has the peculiar feature of an inclined path for the slider, which holds the 
recording pencil, necessitating a correspondingly inclined position for the 
axis of the barrel on which the paper is wound.! 

A more elaborate tide-gauge has been designed by M. Lechatelier, and 
made by Messrs. Richard Freres.?, This is used to record the height of 
the water in the basin of La Villette. 

b. Instruments for recording the pressure of steam, air, or water 
form probably the most important of all classes of such self-recording 
apparatus. 

First in importance must rank the steam-engine indicator. 

The use of this instrument, since the time of its invention by James 
Watt, has continually increased, and so great has been the attention given 
to its improvement that a treatise of considerable size might be written 
on this subject alone. In essential features the instrument remains the 
same as it was one hundred years ago, consisting, as in almost every re- 
cording instrument, of two parts—of a moving pencil and moving paper, 
whose paths are respectively at right angles to each other. But the intro- 
duction of higher pressures and quicker speeds has necessitated numerous 
but important changes of detail; hence some kind of parallel motion is 


1 The ‘ Tide-gauge, Tidal Harmonic Analyser, and Tide-predicter, by Sir Wm. 
Thomson. Min. Proc. Inst. C.E., vol. lv. p. 2. 
2 Annales des Ponts et Chaussées, Mai 1885. 
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used to magnify the movement of the pencil and enable a small motion of 
the piston-indicator to suffice, thus avoiding irregularities which would 
otherwise occur at high speeds in the indicator diagram. 

The modified indicator which marked the chiet change in the type of 
the instrument was introduced many years ago to this country from 
America by Messrs. Elliott Bros., of the Strand, London, and is known 
universally as ‘The Richards Indicator.’ The details of other types are 
given in various journals, mentioned under the title of ‘ Indicator ’ in the 
list appended to this report. The following are the principal makers, most 
of whom have modifications of their own: Lloyd, Stanley, Darke, Negretti 
& Zambra, Tabor, Crossley, Maginnis, Schiiffler & Budenberg, as well as 
many others. 

Recording steam-pressure gauges are employed for giving, as it were, 
a history of the pressure in the boiler continuously. 

That made by Messrs. Bell consists of an eight-day clock actuating a 
drum which revolves once every twenty-four hours, the pencil being 
moved by a treble tube Bourdon steam-gauge. 

Instruments very similar in design are made by the same firm for the 
following purposes: Recording vacuum and hydraulic pressure, and for 
use in waterworks in connection with pumping engines; for chemical 
works, to record the dates of absorbing and concentrating columns ; and 
for steelworks and blast furnaces, for recording the blast pressures. 
They are sometimes made with continuous paper, but this design is not 
in particular favour, although it is a feature of the Edson steam-pressure 
recorder. In fact, there are between 2,000 and 3,000 of these instruments 
in use, representing no less than thirty different varieties of design. 

Messrs. Richard Fréres also make a steam-pressure recorder of this 
kind, and there are several other designs, amongst which may be men- 
tioned the Edson steam-gauge recorder, largely used in America. 

This instrument, unlike the other two previously described, which 
were both constructed on the principle of the Bourdon gauge, has a 
corrugated flexible surface, on which the pressure of the steam acts. 

Messrs. Schiffer & Budenberg have made for several years a record- 
ing pressure-gauge, although no account of it has apparently appeared 
in any paper. 

Recording aneroid barometers have been in recent years introduced 
in very large quantities, and every French war-vessel carries such an 
instrument, records of which are obliged to be always posted with the 
ordinary log. 

The pressure of air in connection with collieries is of very great 
importance, particularly in connection with the ventilating appliances ; 
and Mr. Joseph Dixon, H.M. Inspector of Mines, feeling strongly on the 
subject, has been instrumental in getting designed, by Messrs. Bailey, most 
ingenious mine-ventilating recorders, notice of which appeared in the 
‘Colliery Guardian.’ ! 

Messrs. Schiffer & Budenberg make a hydraulic press recorder which 
gives several kinds of diagrams simultaneously of the work performed by 
a system of hydraulic presses during either twelve or twenty-four hours. 
The diagrams show : (1) The times when the several presses were brought 
into action; (2) the rate of increase of pressure, and the time occupied in 
attaining the maximum pressure; (3) the amount of the maximum 


1 Colliery Guardian, September 30, 1881. 
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pressure, and the length of time during which this pressure was maintained ; 
(4) the rate at which the pressure was reduced, and the time occupied in 
reducing the pressure; (5) the number of times the several presses were 
brought into operation, and the distribution of the work during the 
different parts of the day. 

A very delicate pressure-gauge by Messrs. Richard Fréres is described 
in the report of Colonel ‘Sébert previously mentioned,! which will 
measure the variation of the water column by a fifth of a millimetre. 

Recording anemometers for recording the pressure of the wind also 
belong to this type of instrument, and one may be mentioned, designed 
by Mr. Osler, F.R.S., of Birmingham, an example of which is in opera- 
tion in the Bidston Observatory, near Liverpool, also at Kew and Green- 
wich. A disc exactly 2 square feet in section is presented to the wind, 
and the pressure is transmitted to a small carrier, having the recording- 
pencil attached, in the observatory below, and thus a record is given upon 
a revolving drum. 

The last instruments coming under this class which may be mentioned 
are the ‘stress and strain recorders,’ which have now become a part of 
the equipment of all engineering laboratories, in connection with machines 
for testing the strength of materials, and it is becoming the practice, in 
better classes of testing, to take and furnish an autographic record with 
every specimen tested. The forms of these instruments are numerous, 
an account of the principal types being given in Professor Unwin’s book 
on the testing of materials,” and in a paper by Professor Kennedy. An 
account of one designed by the writer of this report is given in the 
‘ Minutes of Proc. Inst. C.E.,’ vol. Ixxxviii. p. 101. 

c. Hlectrical instruaments—voltmeters, ammeters or ampere meters, 
Watt meters, and galvanometers—are all made of the first recording 
type, and are described in the report of Colonel Sébert, already alluded 
to, as being manufactured by Messrs. Richard Freres. An example of an 
ampere meter record has already been given. They are also described 
and illustrated in the catalogue of the makers, in which the record from 
these instruments gives everything which is to be known about an 
electric station continuously, including the times of starting, maximum 
and minimum production of the electric current, and the way in which 
the machines have worked. 

d. Instruments for recording velocity may be divided into two 
classes: (1) Those which actually record the velocity by the height of 
the ordinate on a revolving drum; and (2) those which indirectly do so 
by the distance travelled over the surface by the pencil in a given period 
of revolution. 

The most common method in which the former acts is by some kind 
of governor, operated by means of the steam-engine, which raises or 
depresses the pencil according to the position of the governor balls. 

An instrument of this kind, which is now well known, is the ‘ Mos- 
crop’ recorder,‘ and similar instruments have been designed by Messrs. 
Bailey and Mr. Edson. The application of these instruments has been 


1 Le Rapport de M. le Colonel Scbert a la Société d’ Encouragement pour U Indus- 
trie Nationale, November 1882, p. 102. 

* Testing of Materials of Construction, by Professor Unwin. Macmillan & Co. 

3 ¢ Equipment of Engineering Laboratories,’ by Professor A. B. W. Kennedy. 
Min. Proc. C.E., vol. lexxviii. p. rhe 

+ Minutes of the Proceedings of the Institute of Mechanical Engineers, 1884, p. 150. 
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invaluable, having revealed on various occasions all sorts of defects in 
the working of the engines, such as insufficient weight of flywheel, flaws 
in the shafting causing extra friction and irregalarity, and imperfect 
action of the governors. None of these things would probably have been 
detected except by a continuous graphic record, which, moreover, enabled 
the defects of the changes introduced to be carefully studied by the 
diagrams subsequently obtained. 

An instrument belonging to the same class, but of entirely different 
principle of action, has been designed by Messrs. Richard Fréres under 
the title of the ‘Cinemograph,’ of which a description is given in the 
report of Colonel Sébert. 

An electro-cinemograph for electrically recording the speed or 
number of revolutions of one or several engine shafts at a distance is also 
described by the same makers as follows :— 

‘This instrument is a combination of the speed indicator, previously 
described, with an escapement system actuated by an electro-magnet. 

‘Tt is set ready for work by merely winding up the string of the train 
of wheels which causes the factors ‘“‘ Time”’ and “‘ Number of Revolutions ”’ 
to act upon one another. 

‘Its installation is effected in the following manner :— 

‘On each machine a simple electric closing circuit arrangement for 
each revolution is adopted. To each contact is attached two wires, one of 
which is connected to a common return wire, the other being taken and 
connected to a switch placed in the engineer’s office. The switches are 
arranged on a board, in front of which is placed on a bracket the electro- 
cinemograph. This instrument is connected to the switches as well as 
to the common return wire, and to a battery placed in the circuit. When 
the engineer wants to ascertain the speed of any given engine, he, by 
closing the circuit of the said engine with the switch, immediately sets 
the cinemograph at work, and obtains a record on the diagram paper of 
the number of contacts occurring at the shaft in the unit of time; that is 
to say, its number of revolutions per minute. The speed of every in- 
dividual motor can thus be controlled. 

‘This instrument is also used for measuring the speed of water- 
courses, boats, or yachts by merely connecting it to contacts established 
on a turbine of the Wolhmann system, or to an electric log of the 
Fleuriais or other system.’ 

Instruments for recording the flow and velocity of water have been 
used, and perhaps the most important is the waste-water meter of 
Mr. Deacon. This instrument enables any waste to be detected through- 
out the whole of the system of the water supply of the City, and ina 
continuous record night and day of the quantity of water passing. It 
has been fully described in the ‘Engineer’ and other journals, to which 
it will suffice merely to give reference.! 

(2) The principle of the second, or indirect class of velocity-recorders, 
is to observe the slope made by the line as the pencil travels across the 
surface moving at a known rate. This is the case with a large number of 
instruments, in which the revolutions of a turning vane move the pencil 
over a clockwork drum. 

Another well-known type of the Osler anemometer operates on this 
principle. So also do several kinds of engine-speed recorders ; but there 


1 The Engineer, Nov. 26, 1886; Journal of the Society of Arts, May 17, 1882; 
Proc. Inst. C.H., vol. xlii. pt. iv.; Engineering, vol. xl. 1885, p. 488. 
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is one which, though adopting the same principle, is very different in 
appearance and deserves a special mention. This is the ‘Cyclometer’ 
of Mr. Ransome (manufactured by Messrs. Manlove, Alliott, & Co., of 
Nottingham), which gives the time of rotation of any shaft to the =,),5th 
part of a second; and not only is the total time of each revolution re- 

-corded, but also the time taken in turning through any minute angle or 
portion of a revolution may be obtained with equal accuracy. The prin- 
ciple upon which this speed-recorder works is very simple. A cylinder 
covered tightly with smoked paper is attached to the end of the shaft 
whose speed it is required to measure. On one side of this drum is 
placed a tuning-fork of known pitch; one of the arms of the fork carries 
a small style, which (when the fork is vibrating) oscillates in a line at 
right angles to the direction of rotation of the drum. When at work the 
tip of this style lightly touches the smoked paper on the revolving drum, 
and records on it the number of vibrations which the tuning-fork makes 
whilst in contact with the paper. It is well known that each vibration 
must be made in an equal interval of time, the amount of which is known 
from the pitch of the fork. Thus the time taken in seconds for a point 
on the smoked paper to traverse one inch will be the number of waves in 
that inch divided by the number of vibrations per second corresponding 
to the pitch of the fork used. After the record has been taken the paper 
is removed from the drum, and the marks are rendered permanent by any 
thin varnish. The slope of the waves will be a measure of the speed of 
the drum, but it is easier in this case to count the number of vibrations 
in @ given space. 

Under this head is a railway-speed time-recorder used in America. 
The object of this instrument is to indicate, not only the speed of the 
train when it is running, but the time at which the train stops, how long 
it remains still, and the speed at which it has ran. The work is recorded 
upon the paper ribbon, which is divided into minutes and hours, and is 
put in motion by a train of mechanism controlled by an eight-day time 
movement, to which it is attached. The motion of the car sets in action a 
train of gearing, which in turn gives motion to the pencil mechanism, 
which traverses crosswise of the paper, while the paper itself traverses 
lengthwise at a uniform speed. The pencil mechanism is put in motion 
by an eccentric placed upon the axle of the car. <A straight line length- 
wise on the paper ribbon denotes a stop of the train. The pencil crosses 
the paper every half-mile the car travels, and from one side of the paper 
and back again indicates a mile; every fifth mile the pencil travels 
farther, so as to make the line higher, in order that the miles may be 
counted up with more convenience, and the work done located with 
greater ease. This record can be continued for any number of days, the 
capacity of the machinery and the paper ribbon being sufficient to record 
eight or nine days by one winding. This ribbon, it will be seen, records 
the time of reaching and leaving each station, and every part of the 
work done. 

e. Instruments for obtaining an autographic record of the rise and 
fall of temperature are employed at Kew and other observatories, the 
level of liquid in the thermometer being continuously photographed. 
But within the last few years very much more convenient self-recording 
thermometers have been invented. MM. Richard have designed an in- 
strument of this kind, which consists of a curved brass tube, of rather flat 
section, hermetically sealed, filled with an expanding liquid. The tube is 
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placed in a sort of cage, so as to protect it, but at the same time to allow 
the atmosphere to act upon it, this cage being attached to the box holding 
the self-recording portion, so that it can be placed in bath-houses, 
breweries, &c. An instrument acting on a similar principle, which 
allows a communication with any vessel in which it is desired to register 
the temperature of the liquid, is also largely used. Still another variety 
of the same class of instrument acting by means of the expansion of the 
liquid, is arranged for obtaining the temperature of drying and other 
enclosed chambers, a rod containing the liquid being inserted in the 
enclosed space, a self-recording portion being placed outside. Probably 
one of the most beautiful instruments of this kind is the recording 

yrometer designed by M. Saintignon, and described in the report of 
Colonel Sébert already alluded to. This pyrometer acts upon the differ- 
ential principle, a reservoir of the water at constant height being placed 
about 9 or 10 feet above the place of which the temperature is required. 
The water passes first through a filter divided into two parts, the ex- 
ternal compartment being that in which the liquid circulates, and which 
acts as an envelope to cool the water after it has passed through a hollow 
tube placed in the oven or furnace the temperature of which is required 
to be known. It then passes out, acting on the bulbs of two air ther- 
mometers, one of which communicates with the outer partition of the 
vessel above mentioned. By means of a delicate aneroid there is thus 
obtained a graphic record of the temperature of the furnace. 

A hygrometer is also described, composed of two thermometric tubes 
placed one beside the other ; one rests in the dry, and the other is main- 
tained at constant dampness by means of a cotton wick descending into a 
metal basin by the side of the instrument. The thermometric tubes each 
have the self-recording pencil marking the same drum revolving by 
clockwork; the difference between the two records is the measure of the 
humidity of the air. To this instrument the name of ‘ Psychrometer’ 
has been given. 

A self-recording marine thermometer has been used by M. Pouchet, 
director of a French marine laboratory, which can be submerged to a 
depth of 120 feet, being raised every fifteen days for changing the paper 
of the recording portion. This is also described by Colonel Sébert, being 
made and designed by Messrs. Richard Freres. 

Coming under this head may be classed the various types of sunshine 
recorders, the simplest of which was designed years ago by Sir G. G. 
Stokes, Bart., consisting of a sphere which focussed the sun’s rays upon 
a graduated strip of paper, so as to give the intensity of the sunshine at 
various times. Other and improved instruments of the self-recording 
type have been since designed for this purpose. 

f. In recent years a careful study has been made, by means of self- 
recording instruments, both of the shocks resulting from earth-tremors or 
earthquakes, and of the vibrations in locomotives, vessels, and machinery. 
This work has been done through the agency of various self-recording 
instruments, which have cleared away a great number of erroneous ideas 
regarding earthquake shocks and vibrations generally. 

Self-recording instruments for examining earth-tremors, or seismo- 
graphs, have principally originated with the professors who have been 
fortunate enough to find a field for their labours in Japan; where these 
phenomena occur so frequently as to give tolerably constant employment 
to self-recording instruments. Professor Ewing and Professor Milne 
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have both made important contributions in this direction. In a paper ! 
read before the Royal Society by Professor Ewing the principles of 
seismographic construction are unfolded. The author remarks that 
the difficulty in earthquake measurements is to find a point which 
does not move during the disturbance. The bob of a pendulum, if 
suspended by a spiral spring, remains at rest vertically and horizontally, 
especially if the pendulum be long and the frame to which it is suspended 
rigid ; but there are two reasons why an instrument on this principle is 
not efficient. In the first place, the recording portion is not easy to make 
in a satisfactory manner; secondly, the motion of the point of suspension 
causes a corresponding motion to be communicated to the bob, which, if 
the period of earthquake oscillation agreed exactly with the pendulum’s 
free period, would altogether vitiate the result. He then describes a 
seismograph devised by himself, in which solid cylindrical bobs are 
pivoted with their axes vertical between steel centres. These centres 
are carried by a frame, and attached to the frame is a style with a tracing- 
point, so that when the frame is moved forward by a sudden earth-tremor 
the inertia of the cylindrical bobs causes them to remain nearly, if not 
quite, at rest. A plate or recording surface, which is connected with the 
frame and moves with it, thas receives by means of the style a mark 
corresponding in magnitude to the intensity of the earth-movement which 
it is required to record. By placing the two frames carrying the bobs in 
position at right angles to each other, the components of any horizontal 
motion can be recorded. This instrument is called by the inventor the 
‘ Astatic Horizontal Lever Seismograph.’ Since that time Professor Ewing 
very much improved his original idea, and reference to papers describing 
the result will be found in the index of subjects appended to the report. 
Professor Milne has also devised self-recording arrangements in connec- 
tion with earthquakes, many records obtained by which, in the grounds 
of the Tokio Engineering College, having been described by him.? 

Similar instruments have been used by Professor Milne * for studying 
the motion of locomotives, in which both the vertical and the horizontal 
motion is recorded, the continuous record being obtained on a band of 
paper, as on the Gray-Milne seismograph. The authors mention the 
following types of instruments :— 

1. ‘For timing trains, and giving general information respecting the 
condition of a line. This consists of the doubie-clock arrangement just 
described, driving a continuous band of paper about 2} inches broad at 
the rate of 1 foot per hour. On this band only the vertical motion is 
written ; but inasmuch as lateral jerks have usually a vertical component, 
these also are in part recorded. 

2, ‘For giving detailed information respecting a line. In this instru- 
ment clocks similar to those of No. 1 are employed, but the band of 
paper driven by them is broader, and all the components of the motion 
are recorded upon it. In addition to timing a train and showing irregu- 
larities on the line, this instrument indicates curves and gradients, shows 
when brakes are applied, &e. 


1 «On a New Seismograph,’ by J. A. Ewing, B.Sc. Proceedings of the Royal 
Society, No. 210, 1881. 

2 «Construction in Earthquake Countries, by J. Milne. Min. Proc. Inst. C.#., vol. liii. 

3 On the Vibratory Movements of Locomotives, and on Timing Trains and Test- 
ing Railway Tracks,’ by J.W. Milne, F.R.S,,and John MacDonald. Min. Proc. Inst.C.E., 
vol. cili. 
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3. ‘For testing locomotives and carriages. This only differs from 
No. 2 in the clockwork, which is arranged to drive the paper at the rate 
of about 1 inch per second for a short interval of time.’ 

In the discussion which followed the reading of this paper Mr. Milne 
explained instruments made by him for the same purpose; Mr. Dawson 
and M. Kapteyn also mentioned other instruments for a similar purpose. 
Quite recently an account has been given by Mr. Yarrow, in a paper! 
read before the Institution of Naval Architects, of an instrument, called 
by him the ‘ Vibrometer,’ for investigating the results of a new method 
of balancing marine engines in torpedo-boats. This instrument consists 
of a drum provided with suitable clockwork, and resting on a circular 
plate. The circular plate is hung by three indiarubber suspenders to a 
frame, which is rigidly connected with the hull of the boat. The circular 
plate can slide freely up and down on three guides, and form part of this 
frame. A pencil or style is attached to the frame, and placed in contact 
with the clockwork drum. It is clear that since the pencil partakes of 
any movement of the hull, while the barrel of the circular plate has a 
free vertical motion, any up-and-down movement of the hull will be 
recorded on the revolving drum, the axes of which are, of course, vertical. 
By means of this instrument many important facts concerning the 
vibration of the vessel were ascertained. 

g. Instruments for graphically recording the results of mathematical 
operations have been frequently designed. In the year 1845 Mr. F. 
Bashforth read a paper, an abstract of which appears in the British 
Association report, and which he afterwards further expanded in a 
pamphlet, and by means of lithographed diagrams explained the machine 
itself. Concerning the action of the instrument mentioned in the 
pamphlet? he remarks :— 

‘ Persons engaged in testing theory by experiment have frequently 
derived great assistance from mechanical contrivances, which give rapid 
and near approximations without the trouble in every separate case of 
going through tedious multiplications and additions. The proposed 
machine would be capable of giving the values of = {b cos (nf+a)} or of 
tracing the curve p= ={b cos (n0+a)}, where m is any +ve or —ve, 
integer or fraction. It might be employed to find the numerical roots of 
equations, correct, probably, to two places of decimals, to trace curves 
representing the intensities of the different kinds of light in the rings 
given by polarised light, or to illustrate the effect of the several terms 
(separately or together) of the value of w in the lunar theory. The 
accuracy of the values given by this machine would very nearly corre- 
spond to those of the slide rule—the first two figures would be correct, 
the third doubtful.’ 

Probably the most important instrument of this class is the mechanical 
tide-predicter, one form of which was constructed for the Tidal Committee 
of the British Association. In this machine, which has been described 3 by 
Sir W. Thomson (Lord Kelvin), there are ten shafts, giving respectively 
the following tidal constituents :— 


1 Engineering Review, May 5, 1892. 

2 «Reprint of a description of a Machine for Finding the Numerical Roots of 
Equations and Tracing a Variety of Useful Curves.’ By E. Bashforth, B.A. Cam- 
bridge, Metcalfe, 1822. 

* <The Tide-gauge, Tidal Harmonic Analyser, and Tide-predicter.’ Min. Prac. 
Inst. C.E., vol. lxv. 1890. : 

1892. EE 
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The mean lunar semi-diurnal. 

The mean solar semi-diurnal. 

The larger elliptic semi-diurnal. 

The Iuni-solar diurnal declinational. 

The Juni-diurnal declinational. 

. The luni-solar semi-diurnal declinational. 

. The smaller elliptic semi-diurnal. 

. The solar diurnal declinational. 

. The lunar quarter diurnal, or first shallow-water overtide of mean 
lunar semi-diurnal. 

10. The luni-solar quarter diurnal shallow-water tide. 
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It has a hanging weight, consisting of an ink-bottle, with a glass 
tubular pen which marks the tide level in a continuous curve on a long 
band of paper, moved horizontally across the line of motion of the pen 
by a vertical cylinder geared to the revolving shafts of the machine. 

An instrument of a similar kind was afterwards constructed by Mr. 
Roberts for the India Office, and it was estimated that, by moving the 
handle up and down through the range of a semi-diurnal tide in two 
seconds, a year’s curve could be produced in twenty-four minutes. But 
this is, however, ten times the speed to which the mechanism actually in 
use limits the practical working of the India Office instrument. Sir 
W. Thomson has therefore designed a third tide-predicter, which he 
describes in the above paper, the general principle of which is therein 
represented in an engraving. 

h. There are a variety of self-recording instruments which are 
employed for chronographic purposes, such as giving the time of opening 
the door of a furnace, or of charging a blast furnace, or of the passing of 
a railway train, or of the period at which a watchman passes a certain 
point. These are sometimes operated by direct mechanical action, as in 
the watchmen’s clocks invented by Mr. Bailey. One of the best of these 
is an invention by Mr. F. M. Pratt, described in the ‘ English Mechanic.’ 
These teil-tales are employed for controlling the watchmen of works, 
‘hospital nurses, timekeepers of factories, inspectors of police, weighing- 
machine men, gaswork stokers, stablemen (that it may be seen what 
time the stable had been opened), domestic servants (to ascertain what 
time they got up), fire brigades (to see what time the alarm-bell was 
rung), scavenging superintendents, bank porters, dock warehousemen, 
prison warders, gatekeepers, &c. 

Mr. Burke has invented a watchman’s watch, which is made by Mr. 
Bailey, and acts upon the principle of a mark being made on a recording 
drum, to do which a key must be inserted, which can only be obtained at 
each station which the watchman has to pass. Several different types of 
recorders in connection with the time and movement of engines in mills 
and factories are also made by Mr. Bailey. Instruments of this kind are 
frequently actuated from a distance by means of an electric current. 
Messrs. Richard Fréres make a controlling chronograph in which an 
electro-magnet, carrying a pen, traces a continuous line. Every time 
the process under observation closes the circuit and establishes a current, 
the pen traces a vertical line, and the duration of the process, as well as 
the exact moment at which the marks are made, are given by the diagram. 

It will be seen that among the self-recording instruments mentioned 
are anemometers, barometers, chronographs, hygrometers, dynamometers, 
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speed-recorders, hydrometers, meters of all kinds, pressure-gauges, 
pyrometers, tide-gauges, thermometers, ammeters, volt-meters, galvano- 
meters, and chronometers. This is a tolerably comprehensive list, and 
a large number are also referred to in the accompanying appendix to 
this report; yet it is impossible to do full justice to the subject. 
Various instruments by probably the two most important makers, Messrs. 
Richard Fréres, the French firm, and Mr. Bailey, of Salford, have been 
referred to, as well as those of others, but a very large number of such 
instruments have been designed and made of which the writer is obviously 
unable to ascertain any details or give any notice. There are also 
numerous instruments made by the above makers of a compound nature, 
recording several operations at once, which scarcely come under any 
classification, such as instruwents for exhibiting at one view time, pres- 
sure, speed, and temperature connected with an engine, instruments for 
giving a weekly diagram for speed, and pressure instruments for re- 
cording the number of checks and the time given in by workmen. 


III. Sonurion or PROBLEMS. 


The solution of problems by graphical methods, that is to say, by 
geometrical construction, has two aspects :— 

1. The use of known curves or simple plotted figures for problems, 
which are well understood, and have become part of the subject-matter 
of all engineering pocket-books. The drawing of such curves has already 
been dealt with, and the increasing employment of ‘graphic’ tables 
mentioned. Matters which a few years ago were questions of theory 
only have now been placed by the light of experience in the catalogue of 
cut-and-dry facts which can be plotted graphically. Take, for example, 
the subject of girders and rolled joists. A few years ago each girder 
was a subject of separate calculation by the engineer designing a struc- 
ture. To-day, makers of such girders send out lists giving the sizes of 
girders and all their proportions (including price) for the various condi- 
tions of loading found in practice, and such lists can be, and often are, 
put in a graphical form,! and the engineer or architect, if he chooses to 
trust such a table, has only to refer to it and select a suitable girder for 
his work. 

Again, take the case of marine steam-engines and boilers. Here 
many of the Board of Trade rules have apparently reached a final form 
for cranks and crank-shafts, boiler-plates, stays, tubes, safety-valves, &c., 
and might be thrown into graphical form for practical use. 

Now the use of plotted tables is really an expeditious mode of graphi- 
eal calculation, because even the interpolation of a value, which is gene- 
rally required, and the use of a scale for measurement, is practically a 
graphical process, and is clearly to be distinguished from the construc- 
tion and drawing of such a table from given numerical data. For this 
reason some remarks are made upon the use of such tables in this divi- 
sion of the subject; and for the same reason, under the same heading, the 
subject of slide rules is also considered. 

2. But in mechanical science, whatever may be the results hitherto 
attained, problems are always arising which require solution, and even 
in the face of achievements such as the Forth Bridge, the Hiffel Tower. 


1 A number of examples have been already given (see p, 388). 
EF 2 
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the recent large span-roofs of large stations and exhibitions, the gigantic 
floating machines of our navy, the St. Gothard, Mont Cenis, and other 
tunnels, no one will be found to dispute the fact that the unknown in 
practical science is greater than the known. Thus we have Poncelet 
saying, in words which are quoted by Culmann in the first edition of his 
work, ‘Die Graphische Statik,’ ‘What are we to do with all those 
theories which have arisen in the various branches of engineering that 
are capable of scientific treatment; which theories, though enabling us 
to solve some certain problems, at a great expenditure of time and 
trouble, are far too tedious to be applied to any and every case occurring 
in practice, and, for the same reason, are not even suitable as a basis on 
which to work out ready-calculated tables?’ and proceeds further to 
remark: ‘This question, no doubt, was in Poncelet’s mind when he 
endeavoured to invent geometrical solutions for the various problems 
presented in engineering. 

‘ And, in fact, the constructing engineer will give preference to geo- 
metrical solutions wherever an accuracy of results up to three decimals 
(one-thousandth), which can be perfectly well obtained, is sufficient ; for 
his drawing-instruments are always at hand. Drawing is his habitual 
expression of thought—“ his language,” and, thanks to his topographical 
and geodetical training, he is more accustomed to judge as to the exact- 
ness of sections, and to define lines and points with great precision, than 
the architect or mechanician.’ 

* Poncelet’s solutions were, invariably, mere conversions of previously 
evolved analytical terms. No doubt Poncelet himself felt that this was 
a roundabout way, and that a geometrical construction will much less 
readily impress itself on the mind if, in applying the same, it is necessary 
to bear in mind an analytically developed formula, the derivation of 
which, probably, has meanwhile slipped our memory, than if the configu- 
ration of lines presented by the problem does in itself form the basis 
from which the solution may be evolved on purely geometrical principles. 
It was for this reason, probably, that he devoted himself industriously to 
the study of geometry—as if filled with a presentiment of the great use 
which the study might afford him. But it was in exceptional instances 
only that he applied geometry for the solution of statical problems in the 
architectural branch, while otherwise he invariably preferred analytical 
solutions, which he subsequently ‘“ converted.” ’ 

These remarks of Culmann have been qnoted at length because of 
the prominent position which he occupies as an exponent and advocate 
of the purely geometrical method of treating graphical problems, and are 
well worthy of careful consideration. 

They incidentally contrast the two lines of operation, viz. :— 

a. The analytical methed ; 

b. The geometrical method ; 
upon one or other, or a combination of which, workers in different coun- 
tries, approaching from whatever point of view, have attempted the solu- 
tion of such problems. 

It may at once be remarked that the allusions to the geometrical 
treatment of problems refer entirely to the representation of forces by 
lines, and to one branch of such work, viz., statical problems in structures. 
Hereafter other problems, such as those of dynamics and the representa- 
tion of velocity, will be dealt with, but for the present the argument 
refers solely to that branch of the subject known as graphic statics. 
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Returning to Culmann’s words, it will be seen (1) that he is satisfied 
as to the engineer’s innate preference for the use of geometrical construc- 
tion; (2) that he is perfectly convinced that geometrical methods of 
solution of such problems are the best; and (3) that he regards the 
work of Poncelet in using so much the analytical method chiefly as 
resulting from the want of sufficient geometrical machinery at his 
disposal. 

Now Culmann himself, satisfied not only of the natural readiness of 
the engineer to use geometrical methods, but of the inherent benefit of 
purely geometric solutions, found in the growth and development of pro- 
jective geometry the very machinery he could avail himself of, and which 
he did, with results best described in the language of a great thinker, 
whose impartiality is undoubted. Cremona, in a preface to the Italian 
treatise of Sairiotti on graphical statics, writes :— ! 

‘Little more than twenty years have elapsed since Culmann published 
the first edition of his immortal work, ‘Graphic Statics,” and the 
treatises and articles which have successively appeared in various parts 
of the civilised world on the same subject are innumerable. By that 
work, complete in its kind, the learned professor created a wonderful 
combination of graphic methods based on projective geometry, and 
demonstrated that by them the most varied problems of engineering 
could be solved more simply and rapidly than appeared possible by the 
use of mathematical analysis. 

‘For some time both professors and engineers were cool and sceptical 
as to the promises held out by the new doctrine; either on account of 
their inveterate faith in the omnipotence of calculation, or because the 
constructions of projective geometry had not yet become familiar, or, 
finally, because the work of Culmann itself was not written in a style and 
form susceptible of superficial study... . 

‘Germany, England, France, Scandinavia, and America were not 
long in recognising the great efficacy of Culmann’s studies. Books more 
or less elementary were compiled, and courses of graphic statics were 
established in the polytechnic schools and in other institutions for the 
education of engineers.’ 

The views above quoted of Cremona fairly represent those held in 
Germany, Italy, Switzerland, and perhaps, to a less extent, in France. 
That they have not taken root in England may be well illustrated by the 
following extracts from English writers :— 

Professor Sydenham Clarke, in the preface of his book on graphic 
statics,” says : — 

‘The study of graphic statics, as a subject sui generis, has made but 
little progress in England, though the great value of numerous graphic 
methods has long been fully acknowledged. While in many of the great 
engineering schools of the Continent the subject is deemed worthy of a 
professorial chair, in England it is left to be gleaned almost haphazard. 
A method, more or less, is thrown into a course of teaching, according to 
the predilection or dislike of the teacher for graphic modes of procedure.’ 


1 La Statica Grafica. Lezioni dell’ ingegnere Carlo Sairiotti, 1888. Ulricot 
Hoepli, Milan. 

2 The Principles of Graphic Statics, by George Sydenham Clarke, R.E., 1880. 
E. & F. N. Spon, London. 
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Mr. James B. Chalmers, in the preface of his treatise on the same 
subject,! writes as follows :— 

‘The following treatise is confined to the more valuable applications 
of the graphical method, the creation of Professor Culmann, of Zurich. 
Were a preference for this method once established, it might then in 
England, as now in Germany and Italy, be built up into a systematic 
discipline, remarkably fitted to exercise the intellectual powers. Begin- 
ning with projective geometry as founded by Poncelet, followed by geo- 
metric statics as taught by Mobius, the Calcul par le trait of Cousinery, 
the properties of the Funicular Polygon of Varignon, so remarkably 
extended and employed by Culmann, and their application to the Elastic 
Line by Mohr, we should have a course of engineering mechanics so 
invigorating to the mind that our students, having undergone its disci- 
pline, would feel themselves men well prepared for work, capable of 
appreciating the conditions and reasoning upon the data of a large class 
of practical questions to which they might require to address themselves. 

‘From its birthplace in Switzerland, 1860, this method has passed 
into Germany, Austria, Italy, Russia, and Denmark, where, after Cul- 
mann, Wilhelm Ritter, Cremona, Favaro, and many others, have com- 
municated their enthusiasm to their pupils, through whose superior 
discipline their respective countries may soon rival in engineering fame 
that of the country which we fondly regard as its cradle, and as its most 
able instructress. 

‘The reason we apprehend lies, first of all, in its geometric character. 
The designs of an engineer are geometric conceptions ; his structures are 
geometric forms, within which forces statically combined act along geo- 
metric lines, so that it is natural that he strive to follow a train of geo- 
metric thought.’ 

Still another writer may well be quoted, representing an American 
point of view. Mr. Jay Du Bois says, in his work on graphic statics :— ? 

‘For the practical engineer the importance of graphical methods 
needs, indeed, to-day no demonstration. Such methods are everywhere 
in use. But asimple and general system, which shall include all such 
solutions, and from which they all flow, is, at least in this country, 
unknown. Even in English literature there is to be found little more 
than the very elementary deductions of our first chapter, so that it 
may justly be said that the entire method owes its existence and develop- 
ment to the labours of German scholars, and the enlightened appreciation 
of German engineers.’ 

Now it is to be noted that all these are writing, not of the actual 
solution of problems by graphical means, but on the general adoption of 
the geometrical basis of approaching such problems, though this is not 
so clearly indicated as it might be in the first portion quoted of Mr. 
Chalmers’s remarks. Indeed, no one would deny that not only in graphi- 
cal representation, already dealt with, but in the mechanical treatment 
of, at any rate, one class of problems, viz., framework, English engineers 
are in nowise behind, and it is a usual thing in engineering journals in 
this country for graphic diagrams of stress to be given when illustrating 


1 Graphical Determination of Forces in Engineering Structures, by James B. 
Chalmers, C.E., 1881. Macmillan & Co., London. 

* The Elements of Graphical Statics and their Application te Framed Structures, 
by Jay Du Bois. 1882. .John Wiley & Sons, New York. 
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a new bridge or roof. Cremona! says of this branch of graphical methods, 
‘No section of graphical statics is more brilliant, or shows more effectu- 
ally the services that geometry is able to render to mechanics, than 
the one dealing with reciprocal figures and framed structures with constant 
load.’ It is in the use of purely geometrical methods of reasoning as the 
bases of graphical construction that the English engineers do not at 
present claim much interest. 

That one or two leading minds have here and there made important 
contributions to the subject, notably the late Professor Clerk Maxwell 
in giving the world the theory of reciprocal figures, does not in any way 
vitiate the general truth of the foregoing remarks. 

The fact is, that very few engineers in this country understand even 
the nature of projective, modern, higher geometry, or geometry of 
position, by all of which names it is variously called. This is not to be 
wondered at, since it is scarcely taught at our colleges. Even at Cam- 
bridge it has so insignificant a place as to be honoured with only one or 
two questions in the Tripos. At Oxford the attention devoted to it isa 
little more extended. Professor Henrici, whose article in the ‘ Encyclopzedia 
Britannica’ places the elementary propositions of geometry clearly before 
English readers,” has always made the subject part of his mathematical 
course of instruction, but it takes little, if any, part in the course of the 
ordinary mathematical education of an engineer. 

But England does not stand alone in this respect, for the French 
translators of Culmann’s work—three engineers >—remark :— 

‘The reading of this work requires the knowledge of what was termed 
recently higher geometry, and which is now called geometry of position, 
or projective geometry. Although this science is not officially tanght in 
our schools, we hope this will not prove an obstacle to the spreading of 
graphic statics.” And Culmann himself said in the preface of the first 
edition of his work :— 

‘We have experienced unspeakable difficulties in securing for the 
students attending our lectures a possession of the requisite preliminary 
knowledge, by ensuring that geometry of position was made by the 
educational authorities an obligatory subject of study. We have 
lectured on graphic statics as long ago as 1860, yet it was not until 
1864 that the students were provided with the requisite preliminary 
instruction in geometry by means of an obligatory six-months course of 
lectures.’ But he goes on further to remark: ‘ For the engineer, and 
for the technical man generally, geometrical instruction is no less 
important than analytical instruction; he has always to deal with the 
graphic representation cf configurations of space. How useful, then, must 
it be to him to have his stereographic perception trained and developed 
to a certain extent, thus enabling him to resolve with ease plane pro- 
jections into solid bodies, and to conceive in his mind a stereoscopic 
view of the whole work of construction or machinery which is to be 
executed. How much more progress might be made in graphic geometry, 


1 Preface to English translation of Ze Figure Reciproche nella Statica Grafica 
(i. x ae Milano, 1870), by Professor T. Hudson Beare. Clarendon Press, Oxford, 
1890. 

* The excellent translation of Cremona’s Geometria Progettiva, by Mr. Charles 
Leudesdorf, M.A., Clarendon Press, Oxford, should also be noted. 

8 G. Glasson and J. Jacqmer, Ingénieurs des Ponts et Chaussées, and A. Valet, 
Ingénieur Civil. 
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or at least in geometry of situation, if the student could treat the 
first named as a special application, to a given case of the latter; how 
many superfluous definitions and demonstrations would be spared to the 
lecturer if they had already been grafted into the student’s mind, so as 
to be completely mastered by him, as parts of a more comprehensive 
whole !’ 

This subject is thus shown to be one worthy of discussion, and the 
question seems to turn on two points :— 

1. The real intrinsic value of purely geometrical methods. 

2. The practical value of such methods to the ordinary engineer. 

1. That projective geometry leads to wide and important generalisa- 
tion there can be no doubt, but that the benefit is so great as to make it 
inexpedient to apply the analytic process to arrive at geometric results 
is quite another question. 

Culmann, not altogether unnaturally, criticises those who employ his 
results, but arrive at the understanding of them by other channels than 
his own; but can the statement in the preface to the French translation of 
his work be sustained in which he says— 

‘Our publication was followed by a great number of elementary 
statics, in which, by reproducing even the most simple of our construc- 
tions, mostly without changing anything in them, the authors have 
striven to give analytical demonstrations of them. 

‘We imagine that the truth is not there—that one will never succeed 
in tracing the lines of a construction, and execute simultaneously alge- 
braical operations which carry the explanation of that construction. 
Neither can one easily understand the signification of each line, and re- 
present to themselves statical relations, if one limits oneself to translate 
the formula whose developments are no longer clear to the memory.’ 

If there is any truth in tne preliminary remarks in this report, it is, 
after all, merely a question of regarding either the actual position of lines 
or the measurement of that position as representing the same thing to 
the mind, and it is certain that much that is useful in even Culmann’s 
works has absolutely no necessary connection with projective geometry ; 
while some of his admirers, who quote his views at the beginning of their 
works on graphical statics with some amount of favour, actually employ 
largely the analytical methods, and, indeed, scarcely employ the methods 
of higher geometry at all. Professor Jay Du Bois! may be quoted as a 
good example of this. 

But, after all, the practical problems of engineers lie almost entirely in 
two dimensions of space, and it is perfectly possible to arrive at an under- 
standing of the ordinary problems which arise, by a due harmony of 
analytical and graphical methods. 

2. The second point is one which can only be answered by reference 
to the actual education of the engineer. Culmann’s preface to the German 
edition of ‘Die Graphische Statik,’ speaking of the professors of South 
Germany, says :— 

‘They were, indeed, totally opposed to the idea of regarding bodies in 
which forces are in equilibrium and lineal forms which represent these 
forces in magnitude and direction as correlative geometrical representa- 
tions, and then applying to these the geometry of position, in which 
the relations of such allied representation lay completely worked out. 


! Graphical Statics, 2nd ed., by Jay Du Bois. J. Wiley & Sons, New York 
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One man remarks that ‘the interesting and practically useful results 
which statics afford would already have found common use if the scientific 
methods of modern geometry had not withheld many engineers from the 
study of this subject.’ The much-respected professor wishes to make 


it more elementary, but he cannot bring that about without d and | ; and 
yet a knowledge of d and | requires a greater exercise of brain-power 


than the elements of the geometry of position does. 
The question is, if the d and \ have to be learnt (as they certainly 


should be) for a great number of other applications, and the engineer 
finds it more easy to employ a method of reasoning with which he is 
familiar, will he not certainly do so ? 

Lastly, there is the argument, so often adduced, of the intellectual value 
of general methods, and doubtless it is true that a higher mental effort is 
required to reason from the general to the special, such as is required in 
the methods of projective geometry. However, teachers are almost 
unanimous in agreeing that the average student finds it far more easy to 
reason from the special to the general; nay, it may be truly said that the 
number of students who have the power of grasping generalisations, 
such as are expected in the study which has just been discussed, is 
extremely limited, and that the result of trying to introduce this method 
is frequently disheartening to the majority of students, who would 
otherwise acquire sufficient knowledge of the subject for all the practical 
application they would ever have occasion for. 

So much space has been given for the setting forth of these views, 
and to bringing forward various views on the subject because of its im- 
portance, that the writer is unable for want of time to proceed farther 
in time for the presentation to the Association in the present year. 

The object in view at the commencement was to collect and summarise 
all the problems of mechanical science for which graphical calculation 
and methods were employed. That he is unable to do for the present, and 
can only offer the following brief outline of the subject, dealing fully with 
two sections, indicated below, leaving it for the Committee of the Section 
to say whether they think it desirable that a further report should be 
presented. 


Summary OF GRAPHICAL PROBLEMS. 


1. The addition of parallel segments, including sliding calculation and 
slide rules (which latter are dealt with in the present report). 

2. The addition or combination of non-parallel segments. 

3. The applications of graphical muitiplication, including planimeters 
and integrators, which are also dealt with. 

1. The first of these, as far as regards sliding calculation, has been 
dealt with at tolerable length, and brought as far as possible up to date. 

There are numerous other applications of the addition of parallel 
forces. The most important of these are the treatment of loads, including 
the load on a beam, and the weight and buoyancy of a ship. 

These problems are dealt with in numerous works ; for example, the 
subject of shearing forces, the construction of diagrams of which for 
every possible kind of loading might form a subject of somewhat lengthy 
treatment. 
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2. The second division, viz., the addition of non-parallel segments, | 
covering, as it does, the whole range of the most fertile branch of graphic 
statics, is worthy of a separate report. It must suffice here to give the 
following as amongst the different headings under which it might be 
treated :— 


(a) The study of reciprocal figures. 

(b) Diagrams of forces for framed structure. | 

(c) The polygon of forces, and its application to arches and suspen- __ 
sion bridges. 

(d) The subject of internal stress.and the ellipse of stress. 

(e) Machine problems dealing with the efficiency of machinery, as 
proposed by Fleeming Jenkin, and the ‘method of instan- 
taneous centres,’ applied with such effective results by Pro- 
fessor Kennedy in his ‘ Mechanics and Machinery.’ 

(f) Velocity of machme parts. 

(g) Hydro-mechanics. 

(h) Crank effort diagrams, &c. 


3. As to the third division almost a wider range opens out, com- 
mencing with the principle of what Culmann calls ‘the rope polygon,’ or 
‘funicular polygon,’ and which he treats in his book under the heading 
of ‘Summation.’ By means of this he shows how not only single but 
whole series of lines of different ratios may be multiplied together, and 
which, under the title of ‘Culmann’s Method,’ is employed for the purpose 
of bending moment, moment of inertia, finding the central ellipse and 
the kern of sections, and still further applied in problems of deflection 
and continuous girders. 

How fertile this graphic method may be made may be seen from 
the following remark in Cotterill’s ‘ Applied Mechanics,’ second edition, 

. 303 :— 
ae Thus it appears that the curves of deflection, slope, and bending 
moment are related to each other in the same way as the curves of bending 
moment, shearing force, and load. 

‘The five curves, in fact, form a continuous series, each derived from 
the next succeeding by a process of graphical integration.’ 

These are only a few of the problems to which graphical method 
lends itself, and in connection with which there is abundant scope for 
investigation and original research. 


ADDITION OF PARALLEL SEGMENTS, SLIDING CALCULATION, AND SLIDE Ross. 


Shortly after the invention by John Napier, in 1614, of logarithms, 
Edmund Gunter, Gresham Professor, laid them down on a scale, so that 
by means of a pair of compasses arithmetical questions might be solved. 
Mr. Heather, in his work on mathematical instruments,! gives a full 
explanation of the use of ‘Gunter’s lines,’ as they were called, which 
included not only logarithms of numbers, but other lines graduated so as 
to represent logarithms of the sines, tangents, &c., and other calculated 
values useful to navigators. 

Gunter’s scale and its uses are also described. The sliding Gunter’s 


1 Mathematical Instruments, by J. F. Heather, M.A., 1880. Crosby, Lockwood, 
& Co. 
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scale appears to have been the first sliding rule ever made, and has since 
been followed by a very large number of others.! 

Writers on graphic statics recognise the slide rule as an example of 
the graphical method of calculation. Culmann, in the second edition of 
his book, gives a treatment of the subject (which he did not do in his first 
edition), and states in the preface that ‘ the chapter on sliding calculation 
was added to that on graphical calculation. It consists really of many 
treatises on sliding calculation. Addition of logarithms is not considered as 
a consequent row of lines, but rules are given on independent figures 
placed opposite each other, by whose means the number of rules is 
immensely increased. Moreover, this very useful little instrument is 
much too little used, and I thought to add to its extension by introducing 
its theory in graphical calculation, to which it properly belonged.’ 

The use and theory of the slide rule are fully described in the English 
b ao mentioned in the footnote below,? and need not be further dealt 
' with. 

; It is also treated, in addition to Culmann, by various other foreign 
_ writers, in works on graphic statics. Favaro, amongst others, states that 
_ Sedlaczek* mentions sixteen different kinds of instruments using log- 
_ arithmic division, as follows :-— 


. The ordinary sliding rule. 

. Rule of d’Aesterle. 

. The calculating-rule of Lenoir. 

. The rule of Schwind. 

Engineer’s sliding rule. 

. The rule of L. C. Schulz. 

. The inverted slide rule. 

. The rule of Higgison. 

. The improved calculating-rule. 

10. A rule for millwrights. 

11. A rule for marine use. 

12. Sliding rule for timber measurements. 
13. Dr. Roget’s sliding rule. 

14, A sliding rule for calculating prices. 
15. Chemical sliding rule. Wollaston’s (‘ Phil. Trans. R.S.,’ 1814). 
16. Sedlacrek’s slide rule for interpolation. 


LO OONT OD OTR OO DO 


The following slide rules are mentioned by Mr. Heather :— 


1. The Routledge. 
2. Bayley’s slide rule. 
3. The Kentish slide rule. 


1 According to de Morgan (see his valuable article on the Slide Rule in the Hnglish 
Cyclopedia), the slide rule was invented by Oughtred. 

2The Slide Rule, and How to Use It, by Charles Hoare, C.E. (Weale Series.) 
Crosby, Lockwood, & Co. 

Instructions for the use of Carpenter's Improved Slide Rule, by Edward Preston. 
Josiah Allen, Birmingham. 

Handbook of the Slide Rule, by W. H. Bayley. Bell, London. 

Handbook of the Double Slide Rule, by W. H. Bayley. Bell, London. 

The Theory and Practice of the Slide Rule, by Lieut.-Col. J. R. Campbell. E. & F. 
N. Spon, London. 

And the following American books:—The Slide Rule Practically Considered, 
by W. H. Burgh; and The Slide Rule Simplified, by R. Biddell, Philadelphia. 

3 Legons de Statique graphique, Antonio Favaro. Paris, 1885. 


— oe 
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4. Coulson’s slide rule. 
5. The cubing slide rule. 
6. The timber contenting slide rule. 


In addition to these, Favaro adds twenty-nine others, of which the 
following are a few referring to mechanical science :— 


. Hoare’s sliding rule, London. 

. Palmer’s computing scale, New York. 

3. Fuller’s computing telegraph, New York.! 
4, Logarithmic disc of Sonne, Paris. 

5. Lalanne’s rule, Paris. 
6 
7 


| NO 


. Scale and rule of Mannheim. 
. Soldati’s rule, Turin. 
8. Arithmetograph of Quintino Sella, Turin. 
9. Cylindrical arithmetograph of Porro, Turin. 
10. Everett’s proportion table, London. 
11. Boucher’s calculating circle, Paris. 
12. Routledge’s slide rule, London. 
13. Hawthorn’s slide rule, London. 
14. Stanley’s builders’ calculating rule, London. 
15. Tavernier Vinay et Tavernier Gravet’s calculating rule, Paris. 
16. Coggeshall’s slide rule, London. 
17. Bradford’s sliding rule, London. 
18. H. Peraux’s calculating rule, Nancy. 
19. Dennert and Pape’s calculating scale, ‘Deutsche Bauzeitung,’ 
vol. viii. p. 136. 
20. Eschmann’s calculating scale, Aarau. 
21. Moinot’s calculating rule, Paris. 
22. Castigliano’s arithmetograph, Turin. 


This list suffices to show that almost every kind of variation may be 
made in the form of slide rules; there are a few others, which do not 
appear to be described in any book in this country, which may be 
mentioned, viz. :— 

1. Boucher’s patent calculator, which is only of the size of an ordinary 
watch. It has faces back and front. On the front is a logarithmical 
scale in four lines, being on the whole equal to 15 inches of straight scale. 
This produces a more open scale than the ordinary slide rule. There are 
two index hands, one on the central axis, and one fixed upon the side of 
the case. The central hand revolves by the turning of a milled head at 
the side of the case. The entire dial revolves by the milled head upon 
one face ; any operations in addition, subtraction, multiplication, division, 
and proportion can be performed to four places of figures. And upon the 
other face trigonometrical calculations, viz., logarithms, powers, and 
roots. 

2. Hudson’s horse-power computing scale may be mentioned as a con- 
venient little pocket instrument with two sliding scales. By this means 


1 The following notice appeared with this instrument :—‘ A most wonderful and 
extraordinary instrument, by which business questions of every possible variety are 
instantly performed ; a safe and speedy check to avoid vexatious errors, and afford at 
the same time a greater amount of practical business knowledge than can be obtained 
from ten times the cost of the work.’ Sold only by subscription. John E. Fuller, 
proprietor, New York. 
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the following quantities can be easily calculated :—(a) Horse-power of an 
‘engine, (0) the necessary size of an engine for any desired power, (c) pis- 
ton speed, {d) the mean pressure of a simple or compound engine, (e) 
ratio of compound cylinders. 

3. Professor Fuller’s spiral calculating rule is specially described by 
both Culmann and Favaro, and consists of a cylinder that can be moved 
up and down upon and turned round an axis, which is held by a handle. 
Upon this cylinder is wound in a spiral a single logarithmic scale. Fixed 

to the handle is an index. Two other indices, whose distance apart is the 

axial length of the complete spiral, are fixed to the cylinder. This 
cylinder slides in like a telescope tube, and thus enables the operator to 
place these indices in any required position relative to the cylinder. Two 
scales are provided, one on the piece carrying the movable indices, the 
other on the cylinder. The inventor remarks that it must be remembered 
that all calculations founded on measurements of length, weight, and 
time can only be approximate, as the data for them are so. Hxcept, 
therefore, with the most refined measurements, it is a waste of time to 
carry results beyond the fourth figure. The new rule possesses advan- 
tages over the old form besides that of increased length of scale. The 
setting and reading are performed by indices, and not by scale against 
scale, and this is very much less troublesome. Also, multiplications and 
divisions containing a series of factors can be worked with the greatest 
facility, and as the logarithms of numbers by the use of scales are easily 
read, the powers and roots of numbers are within the capacity of the 
instrument. 

4, Thacher’s cylindrical slide rule. The ordinary sliding rule in use is 
12 inches long, with radii of 11 and 5} inches, the divisions of which are 
cut by hand, copying from a machine-divided plate. In Thacher’s instru- 
ment the radii are 60 and 30 feet, the divisions of which are printed 
directly from machine-divided plates. These plates contain over 33,000 
divisions, calculated to seven places of decimals from Babbage’s tables by 
using a common multiplier, every line being subjected to correction for 
error of screw and temperature variation, so that possibly every line- 
centre is within ‘0001 inch of its true place. The plates contain over 
17,000 engraved figures. The scales, being of great length, will give 
results correctly to four, and usually to five, places of figures. 

The instrument consists of a cylindrical slide provided with a knob at 
each end, and which admits of both rotary and longitudinal movement 
within an open framework or envelope of equidistant bars of triangular 
section. The bars are connected to rings at their ends, which admit of 
rotation within standards attached to the base. The surface of the slide 
is exposed in the openings between the bars, the lower edges of which 
are in contact with it. 

The scales for this instrament have a length forty times as great 
as for an ordinary slide rule of the same length, and more than sixty-five 
times as great as for the ordinary slide rule in use. 

With this instrument directions are given for not only performing 
the ordinary arithmetic operations, but for the conversion of foreign 
weights and measures, calculations and action with money matters, 
mechanics, specific gravity, timber mensuration, gauging, railway work, 
weights of metal, calculations for plate girder bridges, truss bridges, &c. 

5. Gravet’s calculating rule, by which calculations involving squares, 
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square roots, cubes, cube roots, sines, tangents, and logarithms, are 
carried out. 

The last five instruments can be obtained from Mr. W. F. Stanley, 
5 Great Turnstile, London, W.C. 


PLANIMETERS AND INTEGRATORS. 


The first recorded idea of the planimeter is attributed to Hermann, of 
Munich, who worked it out with Lammle. The idea of Hermann’s, 
which was published in 1814, seems to have fallen into oblivion; while 
in 1827 Oppikofer, of Berne, constructed a planimeter which was called 
by his name. Professor T. Gonella, of Florence, in 1829 re-invented a 
similar instrument. Oppikofer’s planimeter was accorded a prize at 
Paris in 1836. Improvements were made by Wettle and Starke in 1849. 
In England, Sang, Moseley, and others also devised planimeters. All 
these depended on the principle of recording the area by revolutions of a 
roller which worked by frictional contact, sometimes on a disc and 
sometimes on a cone, its distance from the centre of the disc or the apex 
of the cone being proportional at every distance to the breadth of the 
figure whose area was to be measured, the revolution of the cone or disc 
depending at the same time on the length of the figure. 

In 1856 Professor Amsler-Laffon invented and brought before the 
world the well-known Amsler planimeter, which has proved up to 
the present day to be the simplest and best of all such instruments, in 
spite of ail attempts that have been made to improve upon it and obviate 
its one or two defects. The ‘action of the Amsler planimeter, as is well 
known, depends upon the principle that a roller, if moved obliquely across 
a smooth surface, turns through an amount corresponding to the distance 
it has moved perpendicular to its axis. Hence the breadth of a figure 
being measured by the inclination of a bar carrying the roller, and the 
length by the distance which the wheel moved, the actual turning of the 
roller gives a record of the area. 

The following measurements made by General Peaucellier, cited by 
Fayaro, give the results of the measurements of a quarter of a circle ten 
millimetres radius divided into ten segments by parallel ordinates, and 
show the accuracy of the Amsler planimeter as compared with other 
methods :— 


Areas Errors 
Method of chords . 3 A : ; 5 77611 0-929 
Simpson’s rule . 3 3 : F 5 ; 78-173 0°367 
Method of tangents . : . ; : : 78809 0:269 
General Poncelet’s rule . i ‘ ‘ 5 78403 olee 
General Peaucellier’s rule 5 5 : : 78°763 0°223 
Measurements by planimeter . & : " 78°655 0-115 
Exact area 5 : 5 5 ; 3 : 78°540 


Explanations of the action of a planimeter are given in many text- 
books on mechanics ; a very good account on elementary principles is. 
that of Sir F. J. Bramwell.! 

By means of a very simple device of two points attached to the 
Amsler planimeter, the scale of the reading can be adjusted to suit any 


1¢On the Amsler Planimeter, by F. J. Bramwell. Report of the British 
Association, 1872, p. 401 
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diagram. The two defects in this class of instrument are: first, the 
comparatively small scale of the recorded results ; and, secondly, the slight 
variation which occurs owing to different kinds of paper being used for 


diagrams on which the planimeter has to operate. A class of instruments 
has therefore been invented called precision polar planimeters, the first 


attempt in this direction being by Mr. Hohmann, of Bamberg, in 1882, in 
‘conjunction with Coradi, of Zurich. In this planimeter what corresponds 
to the rolling wheel of the Amsler planimeter works on a prepared 


disc, which in turn is driven by rollers from the paper, so that the result 


is very much magnified. At the same time the roller itself always works 
upon the same surface. A number of such instruments have since been 
devised, many of which were exhibited among the scientific instruments 
at the International Inventions Exhibition at London, 1885, and the 
more important have been described in a paper on integrators by the 
writer. ! 

In all these planimeters the roller slips over the surface, but there is 
another totally different class of instrament in which no slipping of the 
roller as it moves to and fro is supposed to take place. Such a plani- 
meter was suggested by the late Professor Clerk Maxwell.?, On such a 
principle also the disc, globe, and cylinder integrator of Professor James 


Thomson has been designed. This mechanism has been used by Sir 


William Thomson in his tide-calculating machine already referred to, 
and obtains the harmonic analysis of the tides for subsequent operations 
with the tide-predicter. 

Instruments of this class have been designed by Professor Vernon 
Boys, Mr. Abdank Abakanowicz, and the writer. These instruments 
are referred to in the paper by the writer already mentioned, and also in 
a recent treatise on ‘Intégraphes.’* This treatise commences with an 
explanation of the properties of the integral curve, and then proceeds to 
describe integrators in which the area of a figure is measured by the 
height to which a roller rises in the curve of its movement round the 
periphery of the curve to be integrated. A number of integrators, or 
instruments for drawing an integral curve, designed by Mr. Boys, M. 
Zmurko, and Mr. Abdank Abakanowicz, are then described. The work, 
which contains 150 pages, then proceeds to describe the application of 
these instruments to various mechanical problems, such as bridges, earth- 
works, naval architecture, electric machines, and for obtaining the work 
performed by engines. 

A new planimeter is made by Messrs. Richard Fréres in which there 
is no contact between the paper and the totalising mechanism, but 
which employs the old principle of the disc and roller. The following 
explanation is supplied by Mr. Berly, Messrs. Richard Fréres’ manager :-— 


‘The surface is the function “eda, e being the ordinate, « the abscissa. 


oO 
The planimeter executes exactly this sum of differentials ; it is composed 


1 «Mechanical Integrators,’ by Professor Hele-Shaw. Min. Proc. Inst. C.E., vol. 
lxxxii. 

2 ‘Description of a New Form of Planimeter, an Instrument for Measuring the 
Areas of Plain Figures Drawn on Paper,’ by James Clerk Maxwell. Trans. Royal 
Scottish Soc. of Arts, 1855. 

3 Les Intégraphes. La Courbe intégrale et ses Applications, pax Abdank Abaka- 
nowicz. Gauthier-Villars, Paris, 1886. 
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in principle of a plate, A. On this moves, in the direction of the radius, 
aroller, C. It is quite evident, if we make the plate A turn, the number 
of turns made by the roller will be proportional to the number of turns 
made by the plate A. 

‘If we suppose the curve to be planimetrical, mounted on a rack, 
F, working with a pinion, B, fixed on the same axis as the plate, while 


Fig. 36. 
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from the other side we guide the roller by means of a lever, G, so that the 
extremity, H, of this lever is on the axis of # when the roller is at the 
centre of the plate, then we shall displace the curve while following the 
turning of the disc and roller. 

‘The plate A will turn as a function of the abscisse «2. The distance 
from the centre of the plate to the roller will be at each moment pro- 
portional to the different ordinates of the curve ; consequently, if we make 
a wheel move endlessly with the screw D on the axis of the roller, the 
product will be the sum of all the differentials, 


=z 
| eda. 
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‘In practice the rack is replaced by a toothed wheel or a crank, and 
the plate is composed of a system of two wheels turning in a contrary 
way, compressing between them the roller. 

‘ At the same time, for greater convenience, the curve is fixed on a 
cylinder similar to all those we make. The advantage over all other 
planimeters is that, should the roller produce an error in making a great 
number of turns, it is absolutely due to negligence, and the apparatus 
gives the reading directly in square millimetres, the approximation being 
at least one-millionth of the total value.’ 

In order to use the instrument the paper is fixed upon the drum, a 
knob is held in the right hand and pressed against the flange at the 
bottom part of the cylinder; then the crank is turned until one of the 
ordinates, passing through any point on the diagram, comes’ under 
the point with the knob. The starting-point of the diagram is then 
marked by means of a pencil point, and after bringing the point to this 
mark, the crank is turned until a starting-point is again reached. A 
guiding pointer is then brought against the flange, and the reading of 
the index gives the area of the diagram. The writer has not been able 
to obtain one of these instruments so as to actually test them, and makes 
the above statement solely on the high authority of the makers; but it is 
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to be noted that the theory of the instrument is the same as that of the 
Wettle-Starke, being simply a disc and roller integrator. 

Closely allied to instruments for obtaining the area of the surface 
are the moment planimeters. There are two possible ways of employing 
planimeters for this purpose. The first of these ways was suggested in 
connection with the disc, globe, and cylinder integrator by Sir William 
Thomson,! and amounts to the integration of a simple linear differential 
equation. This method has been treated in a paper? in connection 
with sphere and roller mechanism. Another principle is to cause the 
measuring roller to be directly turned at a rate which is made to vary, 
not, as in the simple planimeter, with the value of the ordinate (y), bat 
with its second or third power. Though no method of directly doing 
this has apparently been suggested, yet the same result is practically 
effected by the beautiful application of a mathematical principle in the 
‘moment integrator’ of Professor Amsler. 

This instrament can be employed for obtaining the contents of 
embankments and the material moved in cuttings for civil engineering 
purposes, in which not only the cross-sections vary, but the slope and 
surface of the ground. These and other matters are described at length, 
and also the limits of accuracy of planimeters are given, in a paper 
already alluded to on mechanical integrators, in the ‘ Proceedings of the 
Institution of Civil Engineers,’ vol. Ixxxiii. For the history of plani- 
meters the following paper by Favaro may also be cited : ‘ Beitrige zur 
Geschichte der Planimeter,’ von Dr. Antonio Favaro, 1873, published by 
V. Waldheim, Vienna. oe 

The writer wishes to express his acknowledgment of the valuable 
aid rendered him by his assistant lecturers, Mr. R. Holt (Whit. Schol.), 
in preparing many of the diagrams, and Mr. J. F. Conradi, in connection 
with the references in the Appendix. 


APPENDIX. 


CLASSIFIED LIST OF REFERENCE TO GRAPHICAL 
a METHODS. — 


The following is a list of Transactions, Praceedings, and Periodicals 
which have been examined :— 


Transactions and Proceedings. 


Report of the British Association for the Advancement of Science. 
Transactions of the Chesterfield and Midland Institution of Engineers. 
‘Transactions of the Institution of Engineers and Shipbuilders in Scotland. 
Proceedings of the Institution of Civil Engineers. 

Proceedings of the Institution of Mechanical Engineers. 

Journal of the Iron and {Steel Institute. 


Proceedings of the Royal Society, vol. xxiv. p. 262, and vol. xxvii. p. 371. 
2 «Theory of Continuous Calculating Machines,’ by Professor Hele-Shaw. Philoe 
sophical Transactions of the Royal Society, Part IL. 1885. 
892. FF 
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Proceedings of the Literary and Philosophical Institution of Manchester. 
Transactions of the Institution of Naval Architects. 

Transactions of the Midland Institute of Mining, Civil, and Mechanical Engineers. 
Proceedings of the Manchester Steam Users’ Association. 

Transactions of the Mining Institute of Scotland. 

Transactions of the North-east Coast Institute of Engineers and Shipbuilders. 
Transactions of the North of England Institute of Mining and Mechanical Engineers. 
Proceedings of the Royal Society, London. 

Proceedings of the Royal Society, Edinburgh. 

Proceedings of the Royal Irish Academy, Dublin. 

Proceedings of the Royal Engineers. 

Proceedings of the Royal Artillery Institution. 

Transactions of the Society of Engineers. 


Periodicals. 
The Engineer. The Marine Engineer. 
Engineering. The Practical Engineer, 
The Electrical Engineer. The Railway Engineer. 
Industries, The Sanitary Record. 


Tron. 


The following are headings, arranged in alphabetical order, under 
which references are classified in order of the year of publication :— 


Air Properties . : . 435 Mechanism ° . ‘ 488 
Artillery and Explosives - 436 Meteorological . . . 489 
Brake Trials. : = » 438 Naval Architecture , . 493 
Canals . F . 439 Pumping Engines . . 502 
Discharge of Water . 4 . 439 Railways . ° . . « 507 
Drainage and Sewage : . 441 Screw Propellers ‘ . - 508 
Drawing Instruments and Re- Steam, Properties of 4 - 509 
cording Instruments . . 441 Strength and Stability of — 
Earthwork Quantities 3 - 446 Arches e : . - 510 
Electricity and Magnetism . 446 Boilers c « . sll 
Engine Tests and Diagrams: Bridges and Girders : . 514 
Air Engines - ° . 454 Chimneys and Towers - 519 
Gas Engines ; . 456 Dams and Dock Gates > o19 
Hydraulic Engines . - 458 Lighthouses . . - 520 
Land Engines . r . 458 Piles . ; . - 520 
Locomotive Engines . . 459 Retaining Walls. ‘ . 520 
Marine Engines . ° . 462 Riveted Joints « ° 521 
Oil Engines : . 469 Roofs . ° . e . 521 
Refrigerating Machines . 470 Struts 3 . 522 
Stationary Engines , - 470 Strength of Materials ° . 522 
Flow of Gases . A : . 483 Tides - . - 526. 
Friction . . . . . 483 Valves and Valve Gears . - 526 
Heat . c 5 ° z . 484 Vibrations % é Fs 530 
Indicators . 5 ; » 485 General . -= . » 530 


Materials, Properties. of . . 485 
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Shield Tunnelling in Loose Ground under Water Pressure, with 
special reference to the Vyrnwy Aqueduct Tunnel under the 
Mersey. By Grorce F. Deacon, M.Inst.C.L. 


[A communication ordered by the General Committee to be printed in extenso among 
the Reports. ] 


It is impossible, within the limits of a British Association paper, to give 
anything like an historical account of the tunnel which has recently been 
successfully completed under the river Mersey for connecting the Lanca- 
shire and Cheshire portions of the Vyrnwy Aqueduct. A romantic and 
instructive account might well be written of the battles with the elements, 
of the repeated failures and successes, and of the hairbreadth escapes, 
with ultimate pronounced success, which attended this subterranean and 
subaqueous work. 

From first to last the operations, including stoppages, occupied forty- 
seven months. At the end of twenty months the first contractors had 
completed the work of driving and lining the tunnel from the Cheshire 
shaft to a distance of 57 feet out of a total of 805 feet required, when, 
having also sunk the greater part of the Lancashire shaft, they ceased 
work, The second contractors, rather than reopen the disturbed ground 
of the old workings, began, with permission, at a higher level on the 
Lancashire side. At the end of a further period of twenty-one months 
they had driven and lined 182 feet from the Lancashire shaft. They 
then relinquished the work, and it was taken up by the Corporation of 
Liverpool, most of the men being retained and one of the contractors 
continuing to superintend them. After this the remaining length, about 
620 feet, was driven and lined in four and a half months, the maximum 
progress being 57 feet per week of 110 hours. . 

In the case of the first Thames Tunnel the practical difficulty of 
carrying on the operations successfully, either by contract or piecework, 
impressed itself upon the mind of the elder Brunel. It was, indeed, the 
only evil against which, with marvellous foresight and ingenuity, he 
could not make provision. The same sort of difficulty has very forcibly 
shown itself in this case, and there appears to be no doubt that if the 
work had been taken up in the first instance on the basis ultimately 
adopted, the whole of it would have been as successfully and economically © 
performed as the last length of 623 feet, which was carried out, without 
the intervention of a contractor, in four and a half months. 

The general particulars of the Vyrnwy Aqueduct Tunnel are as 
follows :— 


LANCASHIRE SHAFT— 1p hey. 
Depth . : : ‘ ; : é : ‘ ; = pond) 
Outside diameter . ; z 2 ‘ 5 3 oy Ona 
Inside diameter . . A 5 J ; z a On ee 
At junction with tunnel, outside diameter . “ c » Ld 

9 + inside Pa : z i sy 2a 

CHESHIRE SHAFT— 

Depth . r f ‘ ‘ : : i ‘ : OZ 
Outside diameter . 3 : ; : : ‘ i a 20a 
Inside diameter : : - 4 2 ; 9 9 
At junction with tunnel, outside diameter . : 5 3 Loe 0 

AD inside 3 f ; b © £40 
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TUNNEL— Ft. In. 
Length, about. 2 ; c : , ‘ . . 800 0 
Outside diameter . : , A F ‘ : , alloy a) 
‘Inside diameter . 4 ‘ : ; . F 5 eet De. '() 
Low-water level above invert— 
Lancashire end . ' 4 5 : F H SB ie dG 
Cheshire end. : : 5 ; : : : ol aO 
High-water spring-tide level above invert— 
Lancashire end . : : : ; é a . 54 0 
Cheshire end. ‘ ; ‘ A : E ‘ . 48 0 


The shafts are lined with cast-iron cylinders, the tunnel with cast- 


iron segments bolted together and planed on the abutting edges. 


The peculiar difficulties of this work arose from the fact that, while 
the whole of the material (except certain small lenticular masses of clay) 


_ through and beneath which the tunnel was driven was perfectly loose 
and full of water under direct pressure from above, it constantly varied 


in the size of its component parts from the finest mud to the coarsest 
shingle, containing comparatively little sand. In homogeneous mud the 
operations would have been comparatively easy, but the face of the exca- 
vation was quite commonly composed of three totally different materials, 
such as open shingle, sand, and mud, all three under the fall and varying 
pressure of the tidal water above, and all three behaving in a totally 
different manner; while in some cases a band of hard clay was met with, 
impervious in itself, but surrounded by water under pressure, never 
covering the whole face, but sometimes in the bottom, sometimes in the 
middle, and sometimes in the top. 

The following considerations will make the great difficulty thus pre- 
sented more obvious. In sinking a shaft under air pressure we free the 


ground by excavation within and beneath the circular cutting edge 


attached to the lowest cylinder. That edge being horizontal, we are 
generally able to maintain the air within the vertical cylinders at such a 
pressure that the water is kept back at every point of the cutting edge. 
The cylinders, then, owing to their own or to a superimposed weight, sink 
farther. They are from time to time lengthened by adding cylinders at 
the top; and by freeing the ground below the cutting edge this lining is 
sunk to the required depth. 

Tn 1825 Brunel began the use of the first iron tunnelling shield. By 
this marvellous adaptation of means to ends—of mechanical methods to 
meet every physical difficulty that great personal experience of tunnelling 


- could suggest—we find an advance in the science of tunnelling which, 


having regard to the materials then available, was greater than any 
advance since made. The shield was, like the brickwork forming the 
twin tunnels, rectangular. It supported the ground in front. It sup- 


ported the ground overhead, not only by an inverted slipper travelling 


with the shield, but by an extension backward, consisting of a wrought- 
iron plate attached to the slipper and resting upon the top of the finished 
brickwork, over which it was drawn as the shield advanced. For the 
rest, the shield was divided vertically into twelve vertical frames, each 
capable of being advanced alternately or in any other order; and each of 
these vertical frames supported against the face of the excavation forty- 
four timber shields, each as long as the frame was wide—viz., 3 feet—and 
6 inches deep; and each of these minor shields could be removed or 
advanced separately. 
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Next came Mr. Peter Barlow, who more nearly imitated, in horizontal 
driving, the sinking of a cast-iron cylinder. He acknowledged his 
indebtedness to Brunel, the great originator of shield tunnelling. He 
substituted cast iron for brickwork, made his tunnel circular, and sur- 
rounded his circular shield by a cylinder which overlapped the tunnel, 
not merely at the top, but all round. For the screws used by Brunel to 
propel his great frames and minor shields Mr. Barlow substituted 
hydraulic rams, and he pushed the shield forward in stages to a sufficient 
extent to enable him to add ring by ring to the forward end of the tunnel 
lining. 

This device was explained by Mr. Barlow in a pamphlet published in 
1867, ‘On the Relief of London Street Traffic, with a Description of the 
Tower Subway, now shortly to be executed.’ According to his method, 
he carried out with complete success the Tower Subway, eight feet in 
diameter, beneath the Thames. Since that time Mr. Greathead has 
introduced many ingenious improvements and additions. 

In applying this method directly loose materials under water pressure 
are met with the much greater difficulty of driving horizontally than of 
sinking vertically is experienced. If artificial air pressure is employed— 
and in many cases it has not yet been found practicable to dispense with 
it—new difficulties arise. 

The conditions of equilibrium between the air pressure, within the 
tunnel and the water pressure without the tunnel are obviously different 
at different levels of the face. Such equilibrium as permits the work to 
be continued is difficult to attain, and when attained is highly unstable. 
To meet this difficulty Mr. Greathead has devised many ingenious 
arrangements, in one of which he excavates by means of hydraulic jets in 
front of the closed shield or diaphragm (still surrounded by the annular 
shield overlapping the finished work), and removes the fluid ground by a 
pipe passing through the shield to the tunnel. 

But the great variety of material met with in the Mersey Aqueduct 
Tunnel, including large shingle and in many cases heavy oak timber in 
good condition, lying prostrate across or parallel with the axis of the 
tunnel, rendered the use of any such methods impracticable. 

In order to understand rightly the nature of the problem, regard must 
be had to the following considerations :— 

Imagine a face with loose material at the end of the finished portion 
of the tunnel subject to the pressure, let us say, of 30 feet of water to the 
top, and of 40 feet of water to the bottom of the tunnel, the tunnel being 
charged with air to balance, let us suppose, the 40 feet. ‘One of two 
things immediately takes place. Hither the air pressure, overbalancing 
the water pressure where at the higher part of the face it has only a 
head of 30 feet, rushes out in such quantity as to form an upward funnel 
through the strata, in which case water rushes in below where the pres- 
sure in front of the shield is 40 feet; or the air simply displaces the water 
in the interstices of the porous ground. This latter action is also very 
rapid. The wet surface of the face seems instantly to dry up; in fact, so 
complete and rapid is the drying that in a few seconds. it is difficult to 
imagine that the face has been wet within the last twenty-four hours. But 
with this change the whole condition of equilibrium is altered. The head 
of water at the face is partly displaced by a head of air—a great bubble— 
in the interstices of the ground, having the form of a balloon, continuously 
supplied with air, from the end of the tunnel, which it dissipates from its 
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upper surface into countless smaller bubbles, so that the total pressure at 
the face is suddenly much diminished. The flow of air through the inter- 
_ stices of the material continues, and only attains a normal rate—equal to 
the supply of air to the tunnel—when the pressure in the tunnel has so 
_ far fallen as to exactly balance the static head of air and water above the 
_ face, plus the friction of the moving air in the interstices of the ground. 
This state of things lasts, and the ground continues to be held back in a 
visibly dry condition, until, by a change of resistance to the passage of 

the air upwards through the ground, the equilibrium is again disturbed- 
_ With every rise or fall of the tide such a change occurs, and in the case 

of the Vyrnwy Aqueduct Tunnel under the Mersey it took place in virtue 
_ of a change of the strata at every few yards driven. In a vertical shaft 
such changes are comparatively unimportant, but in a horizontal tunnel 
the case is clearly very different. 

Even in ground of uniform porosity it is generally difficult to keep 
the water back at the lower edge of the shield, and obviously this must 
be so, because at this point the water when quiescent has nearly the full 
hydrostatic head, notwithstanding the great bubble of air moving in the 
interstices above it. It is therefore generally necessary to permit a small 
inflow of water to take place at this point, and thus to allow the friction 
of the water through the ground to bring the pressure in the ground at 
the bottom of the shield down to the lower pressure in the tunnel re- 
quired to balance the pressure higher up the face; but, if the flow at this 
lower point is allowed to become sufficient to disturb the ground, the 
resistance to that flow is reduced, the equilibrium is upset, the great 
bubble is displaced and lifted by the moving sand and water below, and 
an inrush instantly occurs. 

So much for strata of uniform porosity. But, as already stated, the 
Vyrnwy Aqueduct Tunnel had to be driven through rapidly varying 
strata. From time to time, without any warning, the resistance to the 
inward passage of water at the lower edge of the shield suddenly fell. 
Almost instantly the great bubble of air was lifted bodily, and the face 
of dry ground became a surging current of liquid mud. Occasionally 
the same change began at a higher level of the face, owing to the resist- 
ance of a higher stratum to the passage of water rapidly falling. But 
however it arose, the result was an instant upsetting of the equilibrium, 
and a dangerous rush of liquid ground into the tunnel. 

The shield employed by the second contractor for driving the Vyrnwy 
Aqueduct Tunnel was of the Barlow form—a cylinder with its forward 
end carrying a cutting edge, and its backward end overlapping the 
finished work all round, and a diaphragm across it provided with many 
covered openings, through which the excavation was performed. But 
the construction of the shield was much too light, and when the work 
was taken over by the Corporation, the cutting edge had collapsed and 
bent inwards for about one-fourth of the circumference to an extent in 
one place of about 15 inches. Moreover, there was a longitudinal crack 
near the bottom of the annular shield, extending from the tail nearly to 
the diaphragm. 

As usual in such cases, it was at this stage commonly asserted that 
the work was impracticable, and would never be finished. It had most 
seriously delayed the completion of the Vyrnwy Aqueduct; but even at 
this late period the necessity for obtaining an Act of Parliament to 
deviate the line of ayueduct was in some quarters seriously contemplated. 
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Familiarity with the subaqueous workings had, however, only served to 
confirm the author’s opinion of the feasibility of the undertaking, which 
at an earlier stage he had offered to carry out without the intervention of 
a contractor, and this course was now decided upon. 

To have to conduct the work with a shield insufficiently strong and 
in such a condition was not a satisfactory beginning. The author had no 
doubt whatever that with a properly designed shield it could have been 
rapidly performed. He was not certain that it could be done with the 
existing shield, but all things considered, and rather than attempt to 
replace it in the disturbed ground in which it then lay, it was thought 
better to repair and strengthen the existing shield, and at least to make 
an effort to proceed with it. The repairing and strengthening of the 
cutting edge was successfully performed, and 42} months after the com- 
mencement of the first contractor’s work the tunnel was recommenced. 
The most effective method was found to be to remove the lower part of 
the diaphragm, as shown in the model exhibited, to regulate the air 
pressure as nicely as possible at such a point below the hydrostatic 
pressure that, while—so long as the shield was kept moving—it was 
generally insufficient to blow a funnel from the upper edge of the 
shield to the river above, it was just sufficient to prevent an inflow 
at the lower edge of the shield sufficiently rapid to carry the ground 
with it. 

At intervals round the cutting edge steel teeth were added before the 
work was recommenced, and the author is disposed to think that they 
were of great use in penetrating shingle. Several feet behind the main 
diaphragm was placed a partition projecting upwards to a level above 
that of the underside of the remaining portion of the main diaphragm. 
This proved to be exceedingly useful when a blow of sand and water oc- 
curred. It did not materially hinder access to or from the front of the 
shield, while there can be no doubt that when a blow took place it choked 
itself more readily than if such an obstruction had not existed. The 
author was indebted to Sir Benjamin Baker for suggesting this device, 
and that of the teeth. 

During the latter part of the progress the longitudinal crack already 
mentioned near the bottom of the shield became worse, another crack 
worked from it circumferentially behind the diaphragm, and the plates of 
that portion turned down like a ploughshare from their proper position. 
This caused a delay of twelve days, included in the 44 months. The 
ground at the time was as bad as it could be, but the piece, 64 feet long 
and 9 feet wide, was successfully cut away and replaced in situ. The por- 
tion cut away could not be removed, but was left behind by the advancing 
shield when the work was recommenced. 

In judging of this work it is not to be supposed that it was under- 
taken in a foolhardy manner. Such an operation was never contemplated 
when the parliamentary plans were deposited, but, on the contrary, the 
aqueduct pipes were shown by those plans to be laid in the bed of the 
river, and the softest bed was chosen for the purpose—the very worst 
place, in fact, for the construction of a tunnel. For reasons which it is 
not necessary to recount, the question of the depth at which the aqueduct 
should be laid was referred to the Board of Trade. The Board would 
probably have been more merciful if it had foreseen, as the advisers of 
the Corporation of Liverpool foresaw, the pending difficulties; but, as a 
matter of fact, the decision required the aqueduct to be laid at such a 
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depth that tunnelling became a necessity. The necessity having arisen, it 
was not shirked, and the work has been successfully accomplished. 

In conclusion, the author desires to draw attention to the fact that the 
- condition of unstable equilibrium to which he refers, and which creates 
most of the difficulties in shield and pneumatic tunnelling, rapidly in- 
creases with the diameter of the tunnel. He has no doubt whatever 
that a shield may be constructed in any particular case to meet all the 
contingencies that can arise; but it is from works like the Vyrnwy 
Aqueduct Tunnel under the Mersey, in which the means of meeting 
difficulties are not sufficiently provided, and where success is nevertheless 
attained, that the most valuable lessons are to be learnt. 


Report of the Committee, consisting of Sir W. H. FLowER 
(Chairman). Dr. J. G. Garson (Secretary), Dr. J. BEDDOE, 
General A. H. L. Pirr-Rivers, Mr. Francis Gatton, Dr. E. B. 
TyLor, and Mr. E. W. BraBrook, appointed for the purpose of 
editing a new Edition of ‘ Anthropological Notes and Queries.’ 


Tur Committee have to report that, in accordance with previous 
Reports, the Anthropological Institute of Great Britain and Ireland has 
now completed the task entrusted to it of editing and publishing a second 
edition, consisting of 500 copies, of ‘ Notes and Queries on Anthropology,’ 
at a cost of 86/., which includes the cost of partially stereotyping the 
work for use in a future edition. This expenditure has been met as 
follows :—Grants from the British Association, 701.; donation by the late 
Dr. Muirhead, of Glasgow, 101.; and the balance by members of the 
Committee. 

The work as published consists of 242 pages, as against 146 pages in 
the previous edition ; a double-coloured plate and three other new plates 
have been specially prepared for this edition, and the illustrations of the 
former edition have been again used as far as the editors have thought it 
desirable. All the sections have been thoroughly revised, several of 
them have been rewritten, others which were left blank in the first edition 
have been filled up in this, and several new sections have been added. 

As the Committee considered that the object for which the work is 
published is to enlist the co-operation of as many workers as possible, as 
well as to guide and direct them in their observations, the Committee 
have arranged with the Council of the Anthropological Institute that, 
notwithstanding its increased size and cost of production, the publishing 
price of the new edition shall be the same as that of the first edition, 
namely 5s., and that a discount of 1s. 6d, shall be allowed to members of 
the British Association and Anthropological Institute, making the nett 
price of the work 3s. 6d. for cash, at the office of the Anthropological 
Institute, 3 Hanover Square, London, W. 

The Committee consider it very important for the advancement of 
anthropological science that means should be taken to bring the work 
under the notice of travellers and others who are willing to undertake 
anthropological research, and in some cases to make direct application 
to persons in a position to collect information on various subjects included 
in the scope of the work. To do this the Council of the Anthropological 
Institute possess far greater facilities than any committee of the British 
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Association. The Committee therefore recommend that this duty be 
delegated to the Institute, which, they have ascertained, is willing to 
undertake it for the Association ; and they further recommend that the 
Institute be entrusted with the distribution of this second edition by gift 
and by sale in the way it may consider most conducive to the objects for 
which the work was designed, on the understanding that the sum realised 
from sales be kept by the Anthropological Institute in a separate account 
towards defraying the cost of hereafter preparing and publishing a third 
edition of the work when necessary. The Committee have, in the mean- 
time, placed 150 copies at the disposal of the Institute for this purpose, 
for review, and for presentation to the editors and the authors of Sections, 
whose labours have been entirely gratuitous. The Anthropological Insti- 
tute has undertaken to advertise the book gratuitously in its journal. 


Report of the Committee, consisting of Dr. J. G. Garson (Chair- 
man), Mr. J. THroporE Bent (Secretary), the late Mr. H. W. 
Batrs, Mr. G. W. Buoxam, Mr. J. StuarT GLENNIE, Sir FREDERIC 
GoLpsmip, Mr. W. PENGELLY, and Mr. F. W. Rupwer, for in- 
vestigating the ruins of Mashonaland and the habits and 
customs of the inhabitants. (Druwn up by Mr. J. TaEopoRE 
BENT.) 


Tue Committee have to report that during the past year a large amount 
of information has been collected by Mr. and Mrs. Bent during their 
travels in Mashonaland, and submit the following account of their journey, 
by Mr. Bent, as their report. 


Report to the Committee on Investigations in Mashonaland. 
By Mr. J. Turopore Benz, Secretary of the Committee. 


The principal feature of our work in Mashonaland consisted in study- 
ing, making measurements and plans, and excavating in the ruins called 
Zimbabwe in Mashonaland. For three months after this work was over 
we travelled through the country, visiting the native kraals and collecting 
a large mass of anthropology from the habits and customs we saw around 
us. In the following report I shall deal more at length on the subject 
of the ruins, as they formed the main object of our work. 

The ruins of the Great Zimbabwe, which name I have given to dis- 
tinguish them from the numerous minor Zimbabwes scattered over the 
country, are situated in south latitude 20° 16’ 30’ and east longitude 
31° 10’ 10”, at an elevation of 3,300 feet above the sea-level, and form 
the capital of a long series of such ruins stretching up the whole length 
of the west side of the Sabe River, the southernmost which we visited 
being that on the Lundi and the northernmost in the Mazoe Valley ; there 
are also many other ruins on the Limpopo, in the Transvaal, in Mata- 
beleland, at Tati, the Impakwe and elsewhere, all of the same type and 
construction, which time would not permit of our visiting. Some are 
equal to the ruins of Great Zimbabwe in workmanship ; others, again, are 
very inferior, and point to the construction and occupation of this country 
having continued over a long period, probably centuries; and then all 
would seem to have been abandoned at one time in the face of some over- 
whelming calamity, for all the gateways at the Great Zimbabwe and at 
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Matindela, the second ruin in importance, eighty miles north-east of it as 
the crow flies, have been carefully walled up as for a siege, and a forcible 
entry had been effected into the Great Zimbabwe by a gap in the weakest 
part of the large circular building. Doubtless at this capture of the 
fortresses a wholesale massacre of the inhabitants took place, and a com- 
plete destruction of the people and their objects of art. 

The Great Zimbabwe ruins cover a vast area of ground, and consist 
of the large circular building on a gentle rise, with a network of inferior 
buildings extending into the valley below, and the labyrinthine fortress 
on the hill, about 400 feet above, naturally protected by huge granite 
boulders and a precipice running round a considerable portion of it. 
From the plan and model exhibited a fair idea of the lower building can 
be obtained. It is built of small blocks of granite broken with the 
hammer into a uniform size, but bearing no trace of chisel-marks what- 
soever, and no mortar had been used in the construction. In parts this 
encircling wall is 30 feet high and between 16 and 17 feet in thickness, 
and the courses of small stones are carried out with surprising regularity, 
arguing an excessive amount of labour, at a time when slave labour was 
abundant and time no object, and an accurate knowledge of levelling. 

There are three entrances on the north side of the circle, carefully 
rounded off and protected on the inside with buttresses : that to the north, 
facing the fortress on the hill, would appear to have been the principal 
one, the small space inside being floored by strong reddish cement. 
Five passages led away from this entrance amongst the labyrinthine 
buildings inside: the one to the left went down some cement steps, and 
was carefully protected by a doorway consisting of two buttresses with 
apertures on either side to receive some form of door, which seems to 
have been universally employed in the buildings, but which at the time 
of the siege had been removed and their places supplied by walls carefully 
constructed of the same kind of stones as the outer walls; then it led 
into the long narrow passage which conducted between high walls to the 
sacred enclosure. 

When we got to the Great Zimbabwe all the entrances were closed 
up. By climbing over fallen débris we reached the interior, only to find 
ourselves impeded by a maze of thick tropical vegetation which entirely 
concealed the ground plan of the building, and which took us some days 
to clear away. 

The above-mentioned long mysterious passage led, as I have said, to 
the sacred enclosure, where stand the two towers; the largest is now 
32 feet high, with a girth of 53 feet 10 inches, and had presumably a few 
more courses ; a few courses below the summit ran a pattern formed by 
the stones in one course being placed edgeways. This tower is really a 
wonderful structure, of perfect symmetry, and with courses of unvarying 
regularity. By working underneath it and by extracting as many stones 
as we dared from two holes in the side, which we afterwards replaced, we 
satisfactorily demonstrated that it was solid; it was built on no other 
foundation but the hard clay of the place, and covered nothing, and the 
foundations only go down about two feet below the present level and a foot 
below a floor of cement which presumably covered this enclosure. It 
has been preserved to us simply by its solidity and the way in which the 
stones have supported one another. Its religious purport would seem to 
be conclusively proved by the numerous finds we made in other parts of 
the ruins of a kindred nature. 
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There are several points of interest connected with this sacred en- 
closure. The inner wail in front of the tower had been decorated with 
courses of black slate ; a curious conduit about a foot square and regu- 
larly constructed runs right through the thickness of the outer wall at 
its thickest point. Similar and equally inexplicable conduits we found 
about the temple on the fortress. ‘hen there is the raised platform, ap- 
proached by cement steps and a gateway just in front of the tower, 
covered itself with a thick cement, into which a monolith had been 
stuck ; this platform must have been for the king or officiating priest. 
The whole of the sacred enclosure had been most carefully protected by 
gates and buttresses: it is sunk a little lower than the rest of the build- 
ing, and the outer wall is here at its strongest and thickest, and is, more- 
over, decorated on the outside with the pattern which stops abruptly at 
the place corresponding with the termination of the sacred enclosure in 
the interior, and the summit of the wall for this portion only had been 
decorated with large monoliths. : 

The rest of the enclosure would appear to have been occupied by 
private buildings also enclosed with circular walls, according, as Doughty 
tells, to the ancient Arabian custom of combining their temples and 
fortifications in one; and El Masondi also tells us that most of the 
Sabzean temples were round. 

The monoliths form a marked feature: two over 13 feet in height 
stand near the north-western entrance; a third lay prostrate a few yards 
away. The summit of the walls, too, was interesting ; it had been ap- 
proached by steps from the principal entrance, was originally paved, and 
hence formed a fine broad promenade with that curious decoration of 
monoliths along it. 

Externally the walls are very fine, and the courses, from their extreme 
evenness, give the building a neat and compact appearance. The pattern 
which only decorates the part outside the long passage and the sacred 
enclosure is in two rows let into the wall and formed by stones placed in 
a chevron pattern, and must have required considerable skill to execute 
as the building was proceeding. The circle of the walls is by no means 
true, and the nature of the building is different; as I have already men- 
tioned, the portion from the main entrance and round the sacred en- 
closure is higher, thicker, and more carefully built; the rest was either 
constructed at a later period or in a more careless manner; it is impos- 
sible now to walk on this portion of it, and it is rapidly falling into ruins. 
The middle entrance was evidently only a hole in the walls, or sally port, 
probably of later construction, with wooden beams supporting the super- 
incumbent structure, and which have entirely given way. 

Our excavations in this circular building were not attended with 
success. It bore traces of Kaffir habitation up to within a recent date, 
and they had evidently cleared out all traces of an earlier occupation ; in 
some kitchen middens outside we came across traces of minor importance. 

The principal part of our work and our most interesting discoveries 
took place on the hill fortress, to which we will now proceed, and the 
labyrinthine nature of which can be best realised by a plan made by 
Mr. R. W. Swan, and published for me by the Royal Geographical Society. 
The kopje itself is of great natural strength, being protected on one side 
by gigantic granite boulders, and on the south by a precipice from 70 
to 90 feet in height, and on the only accessible side the inhabitants 
constructed a wall of massive thickness like those of the ruins below : 
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itis 13 feet thick on the summit, with a batter of one foot in six; it is 


30 feet high in parts, and the flat causeway on the top was decorated on 
the outside edge by a succession of small round towers—seven in all we 
made out—about 3 feet in diameter, alternating with tall monoliths ; 
a most peculiar and unique form of decoration. 

To open out the approach to this fortress town was a work of con- 
siderable time andlabour. It is exceedingly intricate, protected at every 
turn with traverses and ambuscades, and then commences at the bottom 
of the precipice a flight of steps, leading up. The architects have availed 
themselves of a narrow slit in the granite boulder, up which the steps 
led, the passage being exceedingly narrow; then the path divided into 
two, one path turning abruptly to the right, and at the turning a pretty 
little bit of wall with the stones placed pointways for about a yard 
relieved the monotony ; then it led along a narrow ledge over the preci- 
pice, and in spite of the impossibility of attack at such a point it is never- 
theless protected by traverses even here; in fact, the redundancy of 
fortification all over this mountain, the useless repetition of walls over a 
precipice itself inaccessible, the care with which every hole in the boulders 
through which an arrow could pass is closed, prove that the occupants 
were in constant dread of attack, and lived like a garrison in the heart 
of an enemy’s country. 

At the summit of the mountain are huge boulders about 50 feet high; 
immediately below the highest is a curious little plateau which had 
been decorated by the ancient occupiers: it is approached by narrow 
passages and steps on either side and a curious passage through the wall 
below covered with huge beams of granite to support the superincumbent 
weight. The steps on one side were made of the same strong cement, 
and the wall to the left was decorated with the same design of stones 
placed edgeways for six rows that we had at the angle of the approach. 
The little plateau itself was adorned with huge monoliths and decorated 
beams of soapstone, the patterns on which were chiefly of a geometric 
character, and one of which was 13 feet in height. Here, too, we un- 
earthed many crushing stones of diorite and a curious stone with lines 
carried round it with great regularity; we found another similar one 
in the temple itself. 

The large semicircular space below this was a dense jungle when we 
started to work, consisting of nettles of extraordinary pricking powers 
and other obnoxious plants which our natives cleared away ; but here, 
again, were evident signs of fairly recent Kaffir habitation, beneath which 
further relics may be found, but our time and resources would not per- 
mit us to conclude this work. However, Mr. Cecil Rhodes has kindly 
consented to have the work carried on, so there is every hope of further 
material coming to hand. The view from this spot is magnificent over 
the Livouri and Bessa Mountains, and situated as it is far above the 
level of the marshy ground it would be healthy and habitable during 
all seasons of the year. 

Time will not now permit me to enter into details concerning all 
the intricacies of this fortress; its narrow gullies protected for no con- 
ceivable reason with walls and traverses; its huge granite boulders with 
every slit through which an arrow could pass carefully walled up ; but 
a glance at the plan will show its chief points better than any descrip- 
tion by words can give. 

The corner of the fortress which yielded our principal finds is now 
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used as a cattle kraal by the petty chief on the hill. This building was 
anciently the temple of the fortress, and was luckily not so much dis- 
turbed as the one below. The aspect was the same, namely, south-east, 
and the outer decoration, the pointed or edgeways pattern, ran around 
the same portion of the building as on the round one below. This 
temple among the granite boulders was supported by a very elaborately 
constructed system of under-walls filled up with large stones, on which 
the cement floor rested, as was the case in the raised platform below. The 
temple was approached by a narrow passage and a staircase of consider- 
able architectural merit, which we laid bare; the steps are formed by a 
continuation of the rounded courses of the outer walls, and have the 
effect of two miniature amphitheatres opposite to each other which acted 
as steps from the passage below to the level of the temple itself. 

The outer wall of this temple was decorated with birds carved on the 
summit of suapstone beams five or six feet in height. Of the six we have 
all are different, and all archaic in design; only one is perfect, and from 
its beak we can easily see that it is intended to represent a vulture. Two 
have decorations down the back and round the neck, and one has four 
circles cut on it, two on the wings and two below, presumably to repre- 
sent incubation and fertility. Egyptian archeology teaches us something 
of the attributes anciently supposed to pertain to the vulture. Amongst 
other things Horapollo tells us (i., ii.) that it was emblematic ‘ of Urania, 
a year, or mother.’ Atlian goes so far as to suppose that all vultures 
were females, to account for their character as emblems of maternity. This 
is a curious confirmation of the statement of Herodotus, that the Arabians 
only worshipped Dionysus and Urania. We have seen how the attributes 
of Dionysus were worshipped in the tower below; here we have Urania 
as the presiding deity. In the soil of the temple we found numerous 
soapstone objects corresponding to the Lingams of India, and a tiny bird 
on a pedestal, the miniature representative of the larger emblems. 

An altar stood in the centre of the temple on the cement floor, which 
unfortunately fell to pieces after the earth which supported it had been 
a short time removed. Supporting walls gradually led up in steps to the 
boulders, and of two gullies between these boulders at the back of the 
temple one led to another enclosure with two huge monoliths in the 
centre, and a terrace above overlooking the temple, and the other led 
through into the native kraal on the other side of the wall of rock. 

Adjoining the temple, and approached by a flight of steps, was a space 
shut in by boulders, and walled in with great care at the extremities. 
Two caves ran beneath the boulders, and in these we found most of our 
treasures. 

Of these the most attractive are the numerous fragments of soapstone 
bowls, perhaps used in temple service and when broken cast out hither. 
One represents a hunting scene, in which a man, rather of a Hottentot 
type, with an arrow, is in pursuit of a herd of zebras; behind him he 
drags a dog with a leash, which has turned round to growl at two hippo- 
potami. There is a bird, too, rather rudely executed, but this is the 
character of all the bowls with figures on them. The workmanship of the 
bowls themselves is excellent, and made with the chisel; geometric patterns 
also are executed with great care, but the figures are rather grotesque. 
Another bowl gives us a portion of a procession; another is decorated 
with a row of bulls. Different animals and different patterns were found 
on all the fragments, no two fragments of the same bowl ever occur- 
ring. Several of the best finished bowls were perfectly plain, notably one 
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very large one, which is almost intact, and has a very finely chiselled sur- 
face and well-rounded edges. There is one fragment on which I take it 
some letters are rudely scratched, resembling somewhat the Ogham 
characters or strokes on either side of a line to give them value. I have 
not yet found anyone who can suggest any solution of this problem, and 
I should have felt inclined to consider it hopeless had not Mr. Anderson 
shown me a sketch of a stone from Bechuanaland, taken thirty years ago, 
which has characters on it closely corresponding to these. 

Many fragments of pottery of excellent glaze and workmanship were 
also found ; the patterns on these are mostly geometric, but executed with 
absolute correctness with a stamp, and there appear to be wheel-marks at 
the back. Of the numerous implements of war we found many are 
doubtless Kaffir and of a later date. One, however, is’ an assegai with a 
heavy plating of gold on it, which must belong to an earlier period, and 
the spear-head of copper, heavily barbed, corresponds to weapons now 
found amongst natives not at a great distance from this spot. The iron 
bells, too, which we found in the ruins occur now on the Congo, hundreds 
of miles away; but the uniformity of design all over Africa and the con- 
servative nature of these designs make it difficult to attach any date to 
them. Hverywhere in the ruins we turned up circular whorls of pottery, 
some decorated and some plain, which at first we took to belong to 
spindles for cotton, but some are too small and could never have been 
used for that purpose. The circular soapstone object with knobs thereon, 
which was brought, together with the bird shown to the Section, 
by a Dutchman from Zimbabwe two years ago, Mr. Trimen, of the 
Cape Museum, has kindly lent for exhibition in England. The first 
impression it gives is that of a quern, but soft stone like this can never 
have been used for the purposes of grinding, and all objects of soapstone 
found in the ruins would appear to be for decorative purposes only. 

Tn one corner of this same part of the fortress, near the surface, we 
found several fragments of Persian and Celadon china, doubtless used as 
barter goods by the Arab traders who came up from the coast; but no- 
where during all our excavations could we come across any signs of coins 
or traces of a cemetery for the burial of the dead. 

Perhaps the most interesting of our finds in this portion of the ruins 
were those in connection with the manufacture of gold. Close under- 
neath the temple stood a gold-smelting furnace, made of very hard 
cement, with a chimney of the same material, and very neatly bevelled 
edges, portions of which are now on their way home. Hard by,ina 
chasm between two boulders, lay all the rejected quartz casings from 
which the gold-bearing quartz had been extracted by exposing them to 
heat prior to the crushing, proving beyond a doubt that these ruins, 
though themselves far removed from any gold reef, were the capital of a 
gold-producing people, who had chosen this hill fortress with its granite 
boulders owing to its peculiar advantages for strategic purposes. 

Near the furnace, too, we found many little crucibles of a composition 
of clay, which had been used for smelting the gold, and in nearly all of 
them exist small specks of gold adhering to the glaze formed by the heat 
of the process. There are tools also amongst our finds for extracting 
gold, burnishers, crushers, &c., and an ingot mould of soapstone of a 
curious form, which is still in use amongst the natives much further 
north for ingots of iron. 

An interesting parallel to the ancient gold workings in Mashonaland 
is to be found by studying the accounts of the ancient gold workings of 


544 REPORT—1892. 


the Egyptian gold mines in Wadi Allaga. The ancient Egyptians also 
extracted gold from quartz by means of crushing and washing, as we see 
from the process depicted in the paintings on the Egyptian tombs, and 
in any gold-producing quarter of Mashonaland, near old shafts and by 
the side of streams, innumerable crushing-stones are still to be seen, 
used anciently for a like purpose. 

Diodorus tells us of the gangs of slaves employed in this arduous 
labour, and of the long dark shafts into which they descended. In the 
Mazoe district we entered several of these ancient shafts, and it is obvious 
here that not only for working the mines but for the construction of the 
massive buildings similar gangs of slaves were employed. 

After describing the process of crushing and washing Diodorus con- 
cludes: ‘They then put it into earthen crucibles, well closed with clay, 
and leave it in a furnace for five successive days and nights, after which 
it is suffered to cool. The crucibles are then opened and nothing is found 
in them but the pure gold, a little diminished in quantity.’ Here we 
have an exact parallel to our clay crucibles at Zimbabwe. Also the 
heavy plating of metal with gold which was practised in Egypt was also 
known to the people of Zimbabwe, as the gilding on our spear-head 
demonstrates. 


As Mr. and Mrs. Bent propose to follow up their investigations in 
Mashonaland by visiting Abyssinia during the ensuing winter, with a 
view to clearing up certain points connected with their recent expedition, 
regarding which more information is required, the Committee ask to be 
reappointed, and that a sum of 50/. be placed at their disposal for carry- 
ing on these researches. 


Report of the Convmittee, consisting of Mr. E. Szewarp (Secretary), 
the Marquis OF Bute, Messrs. G. T. CLARK, R. W. ATKINSON, 
FRANKLEN G. Evans, C. TANFIELD VACHELL, JAMES BELL, and T. 
H. THomas, and Dr. J. G. Garson, appointed to report on the 
Prehistoric and Ancient Remains of Glamorganshire. (Drawn 
up by the Secretary.) 


THe work of registering the localities cf the prehistoric and ancient 
remains of Glamorgan has proceeded, but owing to the inability of 
several members of the appointed Committee to act, and delays in conse- 
quence, few meetings have been held. All those objects or remains, how- 
ever, which are known have been named on the register, and particulars 
concerning them will be filled in later. 

Important help to the Committee’s work has been rendered by two 
local scientific societies, viz., by the Cardiff Naturalists’ Society, under 
whose auspices a valuable paper was recently read on the ‘ Ancient In- 
scribed Stones of Glamorganshire,’ by Mr. T. H. Thomas, and also one 
by Mr. E. Seward on the formation of this record. 

The Cardiff Amateur Photographic Society, by means Of prizes offered 
to their members, have produced some hundreds of valuable original 
photographs of prehistoric and ancient objects in the county, most of 
such objects within the county having thereby been illustrated. This 
collection, which is believed to be the most extensive yet formed in any 
district, is stored at the Cardiff Free Library. The Corporation have 
given good aid to the work by important grants to the Prize Fund. 
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Eighth Report of the Committee, consisting of Dr. E. B. TyLor, 
Mr. G. W. Bioxam, Sir DanreL Witson, Dr. G. M. Dawson, 
Mr. R. G. Hauisurton, and Mr. H. Haz, appointed to 
investigate the physical characters, languages, and industrial 
and social condition of the North-Western Tribes of the 
Dominion of Canada. 


Remarks on Linguistic Ethnology: Introductory to the Report of Dr. 
A. F. Ohamberlain on the Kootenay Indians of South-Eastern British 
Columbia. By Mr. Horatio Hate. 


‘Tue report of Dr. Chamberlain derives a special interest from the fact 
that it is a monograph devoted to the people of a single linguistic stock, 
or in other words to a people differing totally in speech from all other 
branches of the human race. In my ‘Remarks on North American 
Ethnology,’ prefixed to the Fifth Report of the Committee (1889)— 
which I venture in this connection to recall to mind—the fact was 
pointed out that ‘in America the linguistic stock is the universally ac- 
cepted unit of classification.” After explaining how, in my opinion, such 
stocks had originated, namely, ‘in the natural language-making faculty 
of young children,’ who in the earliest settlement of a new country had. 
been left, orphaned and isolated from all other society, to frame a new 
language, and ultimately a new social system and a new religion of their 
own,! I added: ‘ From what has been said, it follows that in our studies 
of communities in the earliest stage we must look, not for sameness, but 
for almost endless diversity, alike in languages and in social organisa- 
tions. Instead of one “ primitive human horde,’ we must think of some 
two or three hundred primitive societies, each beginning in a single 
household, and expanding gradually to a people distinct from every 
other, alike in speech, in character, in mythology, in form of government, 
and in social usages.’ 

Since these remarks were written three publications relating to 
American ethnology, each of peculiar value and authority, have ap- 
peared. The earliest and in many respects the most important of these 
is the volume on ‘The American Race,’ by Dr. Daniel G. Brinton, Pro- 
fessor of American Archeology and Linguistics in the University of 
Pennsylvania. The general scope of the work is shown by its second 
title: ‘A Linguistic Classification and Ethnographic Description of the 
Native Tribes of North and South America.’ The author has con- 
‘densed within the limit of 400 pages an immense mass of informa- 
tion concerning the numbers and locations, the physical, mental, and 
moral traits, and the languages, religions, and social systems of the 
tribes of the western continent. It is the first and the only compre- 
hensive work embracing all the septs of the new world, and will doubt- 
less long remain the standard and indispensable authority. Of ‘inde- 
pendent stocks or families,’ we are told, ‘there are about eighty in North 
and as many in Sonth America, These stocks,’ the author adds, ‘ offer 
us without doubt our best basis for the ethnic classification of the 
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American tribes—the only basis, indeed, which is of any value. The 
efforts which have been heretofore made to erect a geographic classifica- 
tion, with reference to certain areas, political or physical; or a cranio- 
logical one, with reference to skull forms; or a cultural one, with 
reference to stages of savagery and civilisation, have all proved worth- 
less. I select, therefore,’ he concludes, ‘the linguistic classification of 
the American race as the only one of any scientific value, and, therefore, 
that which alone merits consideration.’ 

The ‘introductory chapter’ of Dr. Brinton’s work contains many 
valuable data and interesting suggestions. But I am disposed to think 
that his view of the general resemblance pervading the American tribes 
in their social institutions is rather a reflex of earlier opinions than a 
deduction from the facts collected with judicial and impartial accuracy 
in the subsequent chapters. Thus, while holding that Mr. Morgan’s 
assertions on this subject were too sweeping, he yet remarks (p. 45) 
that ‘Morgan was the first to point out clearly that ancient American 
society was founded, not upon the family, but upon the gens, totem, or 
clan, as the social unit.’ In the next page, however, further considera- 
tion leads him to observe that this ‘gentile system’ is by no means 
universal, and that ‘it is an error of theorists’ to make it appear so. 
Subsequently (on p. 99), in treating of the Dakotas, he states that 
some of the tribes of this stock had no gentes, while others possessed 
them with widely differing systems of descent; and he then adds his 
final decision on this point in terms which completely dispose of the 
elaborate theories of Morgan and his disciples. He holds that, accord- 
ing to the evidence we possess, ‘the gentile system is by no means a 
fixed stadium of even American ancient society, but is variable—present 
or absent as circumstances may dictate.’ 

Another recent publication of great importance is the paper of Major 
J. W. Powell, the distinguished Director of the U.S. Bureau of Ethnology, 
on ‘ The Linguistic Families of America north of Mexico,’ which appears 
in the ‘Seventh Annual Report of the Bureau,’ nominally for 1885-86, but 
published in 1891, and actually coming down to that date in its informa- 
tion. The terms ‘ linguistic families’ and ‘stocks’ are used by the author 
as synonymous. He finds the total number of such stocks on the conti+ 
nent north of Mexico to be fifty-eight; and while he thinks it is not im- 
probable that this number may on further study be reduced by the fusion 
of some of these stocks, it is equally likely, in his opinion, that the num- 
ber in the list will be made good by the discovery of new stocks in 
portions of the region which have not yet been fully explored. A cata- 
logue as complete as can now be obtained is given, not only of the families, 
but of their tribes and dialectical subdivisions, with their leading names 
and the various synonyms by which they have been known. Major Powell 
does not think it necessary to give a reason for adopting the linguistic 
classification. He evidently regards the question as settled since the 
appearance of Gallatin’s great work, the well-known ‘Synopsis of Indian 
Tribes’ (1836), by the general acquiescence of ethnologists. His pre- 
liminary remarks are chiefly, but not entirely, devoted to linguistic 
subjects, and present many facts and conclusions—the result of twenty 
years” study—which students of ethnology will find of special value and 
interest. It should, of course, be kept in view that in reminding his. 
readers that, ‘after all, the Indian is a savage, with the characteristics of a 
savage,’ he must be regarded as referring in strictness only to the tribes. 
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north of Mexico, and that he is too experienced an ethnologist to hold 
that all savages are alike in their characteristics.'_ His paper, it should 
be added, is illustrated by a ‘linguistic map,’ which in clearness and ful- 
ness is a model of what such a map should be. 

The third recent work of special importance in connection with this 
study is the monograph of Mr. A. S. Gatschet, the eminent linguist of 
the Bureau of Ethnology, on ‘The Klamath Indians of South-western 
Oregon,’ which fills two quarto volumes of over 700 pages each in the 
series of ‘ Contributions to North American Ethnology.’ The work bears 
date in 1890, but was not distributed until the following year. It is 
doubtless the most complete and scientifically exact account of the 
character, language, and mythology of a people composing a single ‘ stock ’ 
that has ever been published. Of their social organisation less is told. 
The author had made large collections on this subject, but lack of space 
has compelled him to defer their publication. He has, however, told 
enough to enable us to compare the main features in the social life of 
these Indians, who are surely ‘ primitive’ and ‘typical’ savages, if there 
are any such, with the systems devised by McLennan, Bachofen, Morgan, 
and other ingenious theorisers. Mr. Gatschet, as becomes an investigator, 
is strictly impartial, and has no special system to maintain; but by a 
simple statement of facts he is able in four lines to upset as many theories. 
‘The Klamath Indians,’ he tells us, ‘ are absolutely ignorant of the gentile 
or clan system as prevalent among the Haida, Tlingit, and Hastern 
Indians of North America. Matriarchate is also unknown among them. 
Everyone is free to marry within or without the tribe, and the children 
inherit from the father.’ 

To those who possess Mr. Gatschet’s volumes the comparison between 
their contents and those of Dr. Chamberlain’s equally authentic and 
careful observations will be highly interesting. But probably to most 
students the comparison of this report on the Kootenays with the no less 
careful and accurate descriptions of the coast tribes of British Columbia 
belonging to the Tlingit, Tsimpshian, and Kwakiutl-Nootka stocks, as 
furnished to our committee by Dr Franz Boas in his successive reports, 
will be still more instructive. The notable difference of character which 


?T may be allowed to quote here a note from my ‘ Ethnography and Philology’ of 
the U.S. Exploring Expedition (p. 13), which has been thought worthy of citation by 
various writers on anthropological subjects:—‘ Nothing is more common in the 
writings of many voyagers than such phrases as the following: “ These natives, like 
all savages, are cruel and treacherous”; ‘ The levity and fickleness of the savage» 
character”; “The tendency to superstition which is found among all uncivilised 
tribes”; ‘The parental affections which warm the most savage heart,” &c. These 
expressions are evidently founded on a loose idea that a certain sameness of charac- 
ter prevails among barbarous races, and especially that some passions and feelings 
are found strongly developed in all. A little consideration will show that this view 
must be erroneous. It is civilisation that produces uniformity. The yellow and 
black races of the Pacific, inhabiting nearly contiguous islands, differ more widely 
from each other than do any two nations of Europe. The points of resemblance 
between the negroes of Africa and the Indians of America, even under the same lati- 
tudes, are very few. In delineating the character of the different races of the 
Pacific an attempt will be made, by contrasting them with one another, to show 
more closely the distinguishing characteristics of each.’ And further on (p. 198), in 
the description of the tribes of Oregon, a remark to the same effect is made:—‘To 
one ascending the Columbia the contrast presented by the natives above and below 
the Great Falls (the Chinooks and Wallawallas) is very striking. No two nations of 
Europe differ more widely in looks and character than do these neighbouring sub- 
divisions of the American race.’ 
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is pointed out in my remarks introductory to the Sixth Report (1890), 
on the authority of missionary records and official documents, is fully con- 
firmed by Dr. Chamberlain’s observations. The contrast between the 
very complex social system of the coast tribes and the simple organisation 
of the Kootenays is particularly striking. The whole social life and frame 
of government of the coast stocks are wrapped up in their totem or clan 
systems and their secret societies. Among the Kootenays, according to 
Dr. Chamberlain, ‘ totems and secret societies do not exist, and probably 
have not existed.’ ; 

It is satisfactory to be able to add that both Dr. Brinton and Major 
Powell, in their recent publications, have referred to the reports presented 
to the Association by our committee as records of the best authority. I 
may venture to affirm that they will retain this authority with a constantly 
increasing reputation, not merely from my knowledge of the talents and 
experience of the authors of these reports, but from the fact that they 
have based their researches and classifications on the only scientific 
foundation, that of language—or, more strictly speaking, of comparative 
philology—a basis which in modern anthropology is too often dis- 
regarded. 

Two points of minor importance, but still of much interest, in 
Dr. Chamberlain’s report seem to merit notice. His statement that, ‘as 
compared with white men, the Indians, with rare exceptions, must be 
considered inferior physically,’ may be misunderstood. As regards those 
Indians to whom it was intended to apply, namely, the Kootenays and 
their neighbours, it is undoubtedly correct; but the author had certainly 
no purpose of including in his statement all the aborigines of America. 
He is well aware that these, like the communities of the eastern continent, 
vary physically as well as intellectually, not ouly from stock to stock, but 
from branch to branch. Of the Iroquois Dr. Brinton, in his ‘ American 
Race’ (p. 82), states :—‘ Physically the stock is most superior, unsur- 
passed by any other on the continent, and, I may even say, by any other 
people in the world; for it stands on record that the five companies (500 
men) recruited from the Iroquois of New York and Canada during our 
civil war stood first on the list among all the recruits of our army for 
height, vigour, and corporeal symmetry.’ The other recruits, it should 
be remembered, comprised great numbers of emigrants from almost all 
the nations of Europe. 

In the First and Third Reports of the Committee (1885 and 1887) 
are given the reasons for believing that the Kootenays formerly lived east 
of the Rocky Mountains, and were driven thence by the Blackfoot tribes 
in comparatively recent times. Dr. Chamberlain’s account of the 
Kootenay traditions confirms this opinion, and adds a curious and signi- 
ficant circumstance. ‘The Kootenays,’ he states, ‘ believe that they came 
from the east, and their myths ascribe to them an origin from a hole in 
the ground east of the Rocky Mountains.’ My early studies of the myths 
of the Pacific islanders disclosed the true origin and meaning of the 
legendary stories, which have been common among many peoples in 
ancient and modern times, from the early Athenians to the Marquesans 
and Iroquois, who have ascribed to their ancestors an autochthonous 
origin, bringing them literally from underground. These legends origi- 
nate in the double, or we might rather perhaps say the threefold, meaning 
given in most languages to each of the words ‘above’ and ‘below.’ This 
point is fully explained in an article contributed to the ‘Journal of 
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American Folk-lore’ for July-September 1890.! It will be sufficient to 
say here that the words in question, when used by any islanders (and 
sometimes by coast tribes) in a myth ascribing a celestial or an under- 
ground origin to their ancestors, are found to have meant originally 
‘from the windward’ and ‘from the leeward.’ When used by inland 
tribes they have usually signified, in the first instance, ‘down-stream’ and 
‘up-stream.’ Thus the Iroquois have two traditions of their origin, 
the one purely historical and the other merely mythical—the latter 
derived from the former by a perversion of the sense of these terms. The 
former describes their ancestors as ascending the St. Lawrence River in 
canoes from the neighbourhood of Quebec to the southern coast of Lake 
Ontario, at or near Oswego. The mythical legend makes them literally 
‘come from below’ by finding their way through an opening which led 
upward from a subterranean abode beneath a mountain near Oswego. 
So the curiously combined tradition and myth of the Kootenays inform 
us that, in their opinion, their ancestors formerly dwelt in some locality 
east of the Rocky Mountains, and had arrived at that locality by an 
earlier ascent, doubtless up the Saskatchewan River. That they had 
been steadily forced westward by their persistent enemies and supplanters, 
the warlike Algonkians of the powerful Blackfoot confederacy, seems 
clear from the concurring traditions of both parties. 


_ Report on the Kootenay Indians of South-Eastern British Columbia. 
By Dr. A. F. CHAMBERLAIN. 


INTRODUCTORY. 


The present report contains a summary of the results of the investi- 
gations of the writer on behalf of the British Association for the Advance- 
ment of Science during the summer of 1891 in South-eastern British 
Columbia. The Indians visited were the various tribes of the Ki’tona/ga, 
or Kootenays, about whom comparatively little was previously known. 
They were studied in regard to physical characteristics, sociology, folk- 
lore, and language. 

The investigations were conducted under all the difficulties incidental 
to scientific research in a new country, and the writer takes this oppor- 
tunity of thanking Mr. Michael Philipps, the Indian agent, and his good 
friends in the Kootenay district who did all in their power to make his 
sojourn pleasant and to advance the objects of his visit. Particularly 
does he desire to express to the Hon. R. L. T. Galbraith, ex-M.P.P., of 
Fort Steele, his gratitude for the many courtesies shown him, and for 
the hearty manner in which he endorsed and encouraged the writer in 
his movements amongst the Indians; to Father Coccolo and the Sisters 
of the Mission of St. Engéne he returns thanks for their hospitality and 
the willingness with which they used their influence with the Indians on 
behalf of science. To Mr. David McLaughlin, of Idaho, his thanks are 
also due for turning to good use, in favour of the writer, the great 
influence which he possesses over the Lower Kootenay Indians, and for 
useful information concerning these aborigines.” 


1 ‘Above and Below’: a Mythological Disease of Language. By H. Hale. 

2 To Dr. Franz Boas, of Clark University, Worcester, Mass., the writer desires 
to acknowledge his indebtedness for much kind advice, and to express his apprecia- 
tion of his courtesy in placing at his disposal, during the preparation of this report, 
his manuscript vocabulary of the Upper Kootenay language. 
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As material is lacking for comparisons in certain directions, which 
naturally suggest themselves, viz., with the Shoshonian tribes of the 
region to the south, as regards language, and with these, and with cer- 
tain Salishan peoples, with respect to physical characteristics, these ques- 
tions must be deferred for consideration at another time. It may be 
stated, however, that from the examination of his material (only partially 
arranged) there appears to be no reason to displace the Kootenay from 
its position as a distinct family of speech. 


I. ETHNOGRAPHICAL 


CouNTRY AND PEOPLE. 


The Ki’t6na/ga, or Kootenays, inhabit the country included between 
the Rockies and the Selkirks, stretching from the forty-ninth to the fifty- 
second parallel of north latitude, and watered by the Upper Kootenay 
and Upper Columbia Rivers and their tributaries. They preserve, how- 
ever, a distinct recollection of having formerly lived cast of the Rocky 
Mountains. The ethnic and tribal names are as follows :— 

An Indian is called dgkts’mda'kinik,! and a Kootenay Indian, tszn 
dgkts’mda'kintk, 7.e., ‘the Indian.’ The names possibly have reference to 
the origin of the Kootenays, according to their legend, from a hole in the 
ground, as the latter part of the word, ’md/kinik, may be explained as con- 
sisting of dmdk (ground), -i-,a connective vowel, and the suffix -nk, 
signifying ‘ people originating from, dwelling at, &c.’ The Kootenay also 
call themselves Ki'/tind’aa, the etymology of which is unknown. One 
Indian connected it with hd'tind/qrné, ‘Iam lean.’ They are generally 
divided into two groups, viz., Upper Kootenays and Lower Kootenays, 
the subdivisions of these being as follows :— 

I. Ki’tona/qa, or Upper Kootenay: (a) Aqki/sk'nnii’kinik (7.e., ‘ peo- 
ple of the two lakes’), the tribe of the Columbia lakes, with chief settle- 
ment at Windermere, on the Lower Lake; (b) Agqk’a/mnik (i.e, ‘the 
people of A’qk’am,’ as the region of Ft. Steele is called), the tribe of Ft. 
Steele and the Mission of St. Eugéne, of whom a large number camp at 
a place called Bummer’s Flat, Yakikats; (c) Ya‘k’ét aqkini/qtlé’ét 
aqkis’ma’kinik, or Indians of the Tobacco Plains (Ya/k’ét aqkini’ qtlé’ét) ; 
these are better and more properly termed Aqk’aneqi‘nik (i.e., ‘ Indians 
on acreek or river’) ; (d) Aqkiyé/nik (‘ people of the leggings’ ?), Indians 
of Lake Pend d’Oreille. Pa 

IL. Aqkoqtla’tlqo, or Indians of the Lower Kootenay (Aqkoktla’/hatl) 
River, partly in British Columbia and partly in Idaho. 

The number of the Kootenay Indians is uncertain; they are generally 
set down at 1,000, half of whom are in British Columbia, the other half 
in the United States. The reports of the Canadian Indian Department 
from 1880 to 1886 give the number as about 400. Mr. A. S. Farwell, in 
a special report to the Legislature of British Columbia? in 1883, makes 
the following statement :—‘The Kootenay tribe of Indians number about 
800 men, women, and children, and are divided approximately as follows : 
450 British Indians domiciled north of the international boundary line, 
and 200 American Indians residing in Idaho and Montana Territories ; 


1 For the alphabet used in this report see pp. 589, 590. 
2 For a copy of this the writer is indebted to the kindness of the Hon. John 
Robson, Provincial Secretary. 
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the remaining 150 Indians are migratory, receiving their share of the 
annuities paid by the United States Government, at its agency on the 
Jocko River, in the Flathead Reservation, Montana Territory, and claim- 
ing to be British Indians when they wander north of the boundary line.’ 
About 300 of the British Indians inhabit the valley of the Upper 
Kootenay and Columbia, the remaining 150 belonging to the Lower 
Kootenay. The Lower Kootenays, according to Mr. Farwell, whose in- 
formation was derived from Mr. D. McLaughlin, ‘ number 157, divided 
as follows: 35 men, 34 married women, 39 boys, 32 girls, 4 widows, with 
6 boys and 3 girls between them, and 4 widows without encumbrances.’ 

In 1887 Mr. Michael Philipps, the Indian Agent amongst the Cana- 
dian Kootenays, estimated their number as follows :— 


Columbia Lakes 5 5 : : : «4 65 
Lower Kootenay 5 : : ; : : = 
St. Mary’s . : 5 , : : : . 235 
Tobacco Plains . Baie 7 ; P ‘ . 30 

Total : “ : . 490 


The report of the Indian Agent for June 30 last (1891)' states the 
numbers of ‘the Kootenay Indians in British Columbia’ to be as 
follows :— 


Columbia Lakes s : ‘ 5 : A SLOG: 
Kinbaskets F 2 ; A j - F i 9 aa: 
Flatbow . 3 $ 5 a $ F ‘ « H59 
St. Mary’s . ¢ é * ; : : : eel 
Tobacco Plains . A : ‘ ; : : At Gite! 

Total ; : : . 696 


Ersnic NAMgs. 


The Kootenays call the surrounding tribes with whom they have 
come into contact as follows :— 

(a) Blackfeet. Santla or Saha’ntla (bad Indians). In the past the 
Kootenays had many wars with the Blackfeet, but joined them often in 
their buffalo hunts on the plains to the east. The Blackfoot country is 
called Tla/wati’nak (7.e., ‘over the mountains’), The Blackfeet often 
visit the Kootenays now, and are hospitably received. Such a visit 
occurred in the summer of 1891. 

(b) Oree. Gi'tskia/wé (liars). A few Crees occasionally visit the 
Kootenays, chiefly in company with the Blackfeet. Jn the old days of 
the Hudson’s Bay Company these two peoples came more into contact. 

_(c) Stonies. These Indians have a very bad reputation with the 
Kootenays, and are named Tli’tlima’eka (cut-throats). Also Gatlu’puk. 

(d) Sioux. Ka’tskagi’tlsik (charcoal legs). 

(e) Shushwap. Tlitka’tuwi'mtla’st (no shirts). This name was 
given because, when the Kootenays met, the Shushwaps first, the latter 
had no buckskin shirts (4qka/tuwu'mtla’Et). 

(f) Okanagan. O/kina/kén. Some of these occasionally visit the 
Kootenays. About ten years ago several came to A’qk’am. They are 
also known in Kootenay as Kokzeni!k’keé. 


_ _) This information I owe to the courtesy of Mr. Vankoughnet, the Deputy Super- 
intendent of Indian Affairs, Ottawa. 
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(g) Kalispelm. Ka/ndqtla/tlim (compress the side of the head). 
Some years ago the Kootenays and Kalispelms were very unfriendly 
towards each other. 

(h) Colville Indians. Kgéptlé’nik (those who dwell at Kaoptlé’ki). 
Some intermarriages with these have taken place. 

(7) Yakima. Yaii/kima. A Kootenay explained this as meaning ‘foot 
bent towards the instep,’ but this seems a case of folk-etymology. Some- 
intermarriage with Kootenays. 

(j) Sarcees. Tsii’Qds or Tcd’ké, also Saksi’/kwan. In the palmy days. 
of the Hudson’s Bay Company not a few Sarcees came into contact with 
the Kootenays. ; 

(k) Nez Percé. Si’ptét. Said to be so named from the ‘grass- 
baskets’ which they make. Perhaps related to the word from which comes 
the name ‘ Sahaptin.’ 

The Kootenay name for ‘ white man’ is si#yé’p7, in all probability a 
borrowed word (in ‘ Parker’s Journal,’ 1840, p. 381, the Nez Percé word 
for ‘ American’ is given as suéapo). Another and an old word for white: 
man is nitli/qené, 7.e., ‘stranger.’ The Indians employ also (but rarely) 
the term kéimni'qtlé dgkts’md'kinik (‘white man’). For ‘negro’ the 
word is kdimkok’d'kotl (lit. ‘ black ’). 

A Chinaman is called Gadktlim. The Kootenays are much given to. 
lording it over the Chinese, and not a few practically live on what they 
make out of them. 


SENSES aND Menta CHARACTER. 


As compared with white men, the Indians, with rare exceptions, must 
be considered inferior physically. The European, when inured to the 
climate, is capable of as great physical exertion and able to endure as many 
and as lasting hardships as the Indian. In running, jumping, wrestling, 
and other tests of strength, a good white man is more than the equal of a 
good Indian. There are, of course, exceptions, but the European, given 
equal chances at the start, can, as a rule, equal, if not always outdistance, 
his aboriginal rival. 

Many of the Indians have large bands of horses, and some of them 
are farmers. The chief of the Fort Steele Indians is comparatively well 
off and has a good ranch. Some of the Lower Kootenays do a little 
farming also, but are much more migratory and restless. 

Asa rule, the moral character and behaviour of the Kootenays are very 
good, and the writer, from his residence amongst them of nearly three 
months, can confirm the good words that were spoken of them years ago by 
Father De Smet. They are moral, honest, kind, and hospitable, and it is only 
when imposed upon by bad Indians of other tribes, or by bad whites, that 
any of the worse traits of Indian character appear. But it is exceedingly 
difficult to judge of the nature of the Indian, and to determine wherein 
he differs from the white man. The mental character of the Kootenays 
is rather high, and the efforts that have been made to educate them are 
not without fruit. Too much credit cannot be given to the Government 
of the Province of British Columbia for the firm manner in which, aided 
by public opinion, they have enforced the law prohibiting the giving or 
selling of intoxicating liquors to the Indians. This is the first and most 
necessary basis for any development or betterment of the aborigines. 
Next comes the freedom from contact with lewd and dishonest white 
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men, which the Kootenays have enjoyed to a much greater extent than 


_ have many of the neighbouring tribes. 


To educate a moral and sober people ought not to be too difficult a 
task, if the right methods are employed. The founding of the industrial 


_ school for Indian children at the Mission of St. Hugéne, a few miles from 


Fort Steele, has already been productive of good results. The writer: 
paid a visit to this school, and had the pleasure of inspecting the teaching, 
as well as of examining the building and the various appliances connected 
therewith. The English language is taught in this school, and the young 
Indians learn to read and to write in a remarkably short time under the 
guidance of the nuns who have charge of the school. There were about 
two dozen boys and girls in the school at the time of the writer’s visit ; 


_they were neatly dressed, polite, and intelligent-looking, and the progress 


they had made during the few short months they had been there was 
very encouraging. This school well deserves all the support given to it 
by the Government, and it is to be hoped that the project of extending 
its usefulness so as to reach the children of the Lower Kootenays will 
meet with a proper measure of success. 

The great difficulty in civilising the Indian has been to prevent the 
relapse into old tribal habits when the school is left behind. The career 
of the future graduates of the industrial school at St. Hugéne will be 
watched with interest by all friends of the Indian, and Father Coccolo, 
the head of the mission, and the Sisters in charge of the school may be 
relied upon to do their share towards making the end good. 

No opportunities offered themselves for making psychological tests 
upon the Indians, but quick perception and rapid judgment are charac- 
teristic of the better portion of these Indians, as their actions in hunting 
and travelling plainly show. The Indian A’muli, although forgetting 
very often to take away some of the articles from a camp when a new 
start was made, had a remarkable memory for places. One day he left a 
knife belonging to the writer about halfway up a mountain some 7,000 feet 
high. The incident was forgotten by him for the time being ; but, on being 
asked many hours afterwards where he had left the knife, he described 
the place in great detail. On another occasion he left a knife in the 
woods by the side of the trail, and after we had made a journey of 150: 
miles and back, and had been absent from the spot a whole month, he 
was able, on our return, to pick up the knife with hardly a moment’s 
hesitation. 

The Kootenay Indians, especially the young men, are gay and lively, 
enjoying themselves as much as their white friends, fond of horse-racing 
and bodily exercise. They are of a very inquisitive nature, and the 
Indian A’meli would run down to the river-bank and stand staring for 
almost an hour at the steamboat every time it passed the camp. The 
rest of the Indians were just as curious. The Indian A’msli went (for 
the first time in his life) on a trip up the river on the steamboat with the 
writer, and the young fellow was so proud that he could hardly contain 
himself. No doubt he is now whiling away the winter hours by relating 
his experiences to his friends. 

The writer had occasion to notice two excellent exhibitions of Indian 
character; in one case of pride and triumph, in the other of anger and 
disappointment. 

A young Indian had been convicted of a crime and sent to jail at New 
Westminster, where he remained some months. Owing to the exertions 
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of a clever lawyer, his conviction was quashed on a technicality, and the 
authorities were obliged to return him to Fort Steele, where he belonged. 
The writer saw him the day after his arrival. He was dressed in all the 
finery he could command, and took the greatest pleasure in parading 
himself about and letting people see that he knew he had won a triumph 
over the whites. He was in the very highest state of pleasurable excite- 
ment, and continued in this frame of mind for a long time. 

The other case was that of an Indian of about sixty years of age whom 
the writer was measuring. The Indian, however, after two or three 
measurements had been taken, demanded a large sum of money, and, on 
being refused, pushed the instrament away from him, and, angrily 
muttering, went outside the store, where he had been standing, sat down 
on the verandah in front, where he remained all the afternoon, glowering 
and muttering, and doing his best to impede matters. He continued in 
this morose mood for days, and even at the expiry of a month would not 
have anything to do with the writer. 

There is also another case in point. While the writer was at Barnard, 
B.C., he visited Mr. David McLaughlin’s often, and one morning, while 
seated parleying with the Indians, a middle-aged Indian suddenly entered 
the house, threw his hat on the floor in a most excited manner, and for 
twenty minutes poured a perfect flood of abuse and threatening on the 
head of the writer, accompanied by most expressive gestures. After he 
had unburdened himself of his wrath, he picked up his hat and departed. 
Several similar, though not quite so animated, exhibitions of anger came 
under the writer’s notice during his stay in the Lower Kootenay, most of 
them being traceable to the Indian trouble at Bonner’s Ferry, Idaho, 
which had aroused the resentment of the Kootenays. 

While in the territory of Chief San Piel, of the Lower Kootenays, one 
day the chief and some dozen Indians came into the writer’s tent and, 
seating themselves around him in a circle, demanded a large tribute for 
having intruded into their territory. A refusal to comply with the 
outrageous demand led to a very interesting display of Indian resentment 
and anger, as made known by speech and gesture, the faces of some of the 
savages being given at times an almost demoniacal expression, and their 
gestures just stopping short of actual assault. Still, in spite of these 
disturbing outbreaks, which sometimes occur, the white man who behaves 
himself is perfectly safe amongst the Indians, and need fear no treachery. 

The Indians have a keen sense of the ridiculous, and go so far as to 
laugh at the misfortunes which befall their fellows. If an Indian is 
thrown from his horse, misses the animal he shoots at, trips up and falls 
down, his mishap is always greeted with laughter by the bystanders. A 
few hours after the excited speech of the Indian at McLaughlin’s, the 
writer was engaged in measuring another of the same tribe, when the 
Indian suddenly rose to his full height, drew his knife from his sheath, 
and made a motion to strike the measurer, which somewhat disconcerted 
the latter, who, however, was almost immediately reassured by the loud 
laughter of the Indians who were present. The Indians take great 
delight in tricks such as this. 

A favourite amusement of the Lower Kootenay Indians on Sundays is 
furnished by horse-running. All the horses are assembled in a large open 
space near the camp, and the Indians form a large circle round them, 
and, provided with long whips, they drive the horses to and fro for an 
hour or so, laughing and yelling to their hearts’ content. Hven the little 
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boys take part in this sport. They also take great delight in breaking 


_ stubborn horses, and the whole camp looks on until the young man has 


succeeded in controlling his animal, guying him unmercifully if he makes 


_ mistakes. 


The Kootenay Indians have marked artistic ability, although picture- 
writing upon rocks, &c., appears not to be found in their territory, or, if 
found, is not attributed to them. Their skill in ornamentation appears 
in their various objects of dress and the implements of the chase. The 
writer took the care to have a series of drawings made by Indians (young 
and old) who had in no way received from the whites instruction in the 
draughtsman’s art. Very good maps of the country in which they lived 
were made by these Indians, who seemed quite to have grasped the idea 
contained in such a delineation. Some of them were also able to recognise 
with ease the various physical features prominent in the printed maps of 
the Kootenay district. Their drawings of weapons, implements, &c., 
were excellent, and those of the Indian A’meli, in particular, would never 
be suspected of being the product of aboriginal genius. Pictures of 
houses, railway trains, &c., have a certain conventionality that is charac- 
teristic of savage races. Several of the Indians were able to draw an 
excellent and easily recognisable picture of the little steamboat that plied 
up and down the Columbia River. In their drawings of human beings 
especial stress is laid upon the distinguishing features, and any peculiarity 
or abnormality is brought out with full force. Thus a Stony Indian 
woman has no nose, a Chinaman has an immense single braid of hair, a 
white man an enormous beard, a certain Indian a colossal nose, and 
the like. 


CoLouR VOCABULARY. 


The colour vocabulary of the Kootenays, as tested by a card of 
“Diamond Dyes,’ is as follows :— 


White, kaimna' qtla. Green, 
Black, kémk:dk-d'katl. Dark green, Sp Reade ag 
Red, kand' his. Fast bottle green, hal qtla'iy! thea, 
Crimson, i Light blue, 
Cardinal red, Olive green, t0'ad ka’ qtli’é’ tha. 
Magenta, kétkop. Blue, yami'nkan. 
Cardinal, Orange, 
Violet, Yellow, psi qtsé. 
Dark violet, tsd0'q’ndkaaa! mék. Old gold, 
Fast pink, hd'pqagqtlé’ét. Scarlet, yawd'enék. 
hat brown, Variegated, gaktlé'tl. 

aroon, agqka’ qtlakd' adq. ISG) ahi 7s) a i eee 
Dark mf ed q Habe place \ kimk: 0’: dquitled’ tlétl. 


The colour perceptions of these Indians would appear from these 
names to be fairly well developed. The explanations of these colour-names, 
which are no doubt compounds, have not yet been possible. The prefixes 
kéim- and yd- are worthy of note, and the words for ‘ white’ and ‘ black’ 
may possibly be related to those for ‘ snow’ and ‘ fire’ respectively. 

The following colour-names for horses may be given :— 


Kémnii' qtli k’a'tla ea! Etltsin, a white horse. 
Kéimk: oka’ katl »  @ black horse. 
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K@tlaad'tlétl ~—ztltsin, a horse half white, half black (Pinto). 


BRka'send'stlim _,, a roan horse. 

Ka/nokayw/kaes,, a ‘ buckskin’ horse. 

Ka'nétstla’aka'? ,, a ‘blue’ horse. 

Kai makts’kd'wat ,, a sorrel horse (lit. ‘ yellow hair ’). 

I'ntcik kd! wat is a mouse-coloured horse (lit. ‘mouse 
hair’). 


SoctaL ORGANISATION. 


The social system of the Kootenays seems a simple one. As far as 
could be learnt totems and secret societies, so characteristic of some other 
British Columbian peoples, do not exist, and probably have not existed, 
amongst them. 

The head of each tribal or local community was the chief (ndsi/kwén, 
‘the good one’), whose office originally was hereditary. "Women were 
not allowed to become chiefs, and it is probable that the age of thirty had 
to be reached before the chiefship could be held. One method of selecting 
the chief appears to have been this: All the men, women, and children 
gathered together around a large fire. The medicine men then conferred 
with the spirits, and in some mysterious way the chief was named. In 
the time of the great buffalo hunts a ‘ buffalo chief’ was elected, who 
had authority over all during the expeditions. The selection of the chiefs 
by direct election has been of late years introduced by the authorities of 
the Roman Catholic Church, whose influence is now greater than that of 
the old chiefs, and whose power is much more feared by the Indians than 
theirs. When the chief wished to consult with his people he called them 
in a loud voice to come to his large tepee. It is probable that from early 
times a sort of advisory council existed. Each of the divisions. 
(Columbia Lakes, Fort Steele, Kootenay Lake, Tobacco Plains) has its 
own chief; in the case of the Kootenay Lake tribe there is a deputy-chief 
also, and the Tobacco Plains Indians possess two chiefs. 

Isidore, the Fort Steele chief, inherits his dignity from his father 
Joseph. The chief (by right) of the Lower Kootenays is said to have 
refused the position, giving asa reason for his action that wars were now 
all over, the buffaloes were dead, and there was now nothing left for a chief 
to do. 

Slavery (g'di/naad/ka, ‘a war-party,’ tci/kudte’matl, ‘a slave’) was 
customary in the old days, and the Kootenays had amongst them many 
Blackfeet women and children, who were captured in their wars with 
that nation. A curious custom, which has existed from time immemorial 
amongst the Kootenays, is the payment by the relatives of the debts of a 
deceased person. Debts outstanding for ten years have been known to 
be paid in this way. 


TrERMS OF RELATIONSHIP. 


As far as ascertained, the Kootenay ‘terms of relationship are as. 
follows :— 


Father { tito'nam (said by male). tité'nam (said by male) 
abnets \ sa’nam ( 4, 5,” female). Grandmother, papd'nam (said by male- 
Mother, md’znam. or female). 


Grandfather, papd'nam. Great-grandfather, a@'tsemitl. 


a 
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4Great-grandmother, a’ tsemitl. Nephew (brother’s son) = brother. 
Uncle (father’s brother), ea'nam. % (sister’s son) = brother. 
» (mother’s brother), hatsd'nam. Niece (brother’s daughter) = brother 
Aunt (mother’s sister), 2d0zt. »,  (sister’s daughter) = brother. 
» (father’s sister), ¢é’tlétét. Grandson, papa'nam ; a'tlagk-a'tlé. 
Father-in-law, nwva'spatl. Granddaughter, papa'nam ; edtlé. 
Mother-in-law, - Married man, tlatiz'tét. 
Husband, nitla/kend. Unmarried man, th’ ttlatli'tét. 
Wife, titina'mi (=0ld woman). Marry, ho'natla'eané, hina' tlatl'tiné (1 
Brother-in-law, skat. marry). 
Sister-in-law, dtca/wats. Widow, tlitlii'mati. 
Brother (elder), taté'nam. Widower, * 
» (younger), tcd'nam, Orphan, na'nka. 
= ha' kiea'matl. Young unmarried man, ntsta'hatl, 
Sister (elder), tsd’nam. - * woman, nidii'te. 
» (younger), nénda'nam. Boy, ntsta/hatl na'na. 
» (general term), dtlitské’tlnam. Girl, nai/té na'na. 
Cousin (m.), atlko' kiea' mat. Infant, tlka'mi. 
» (4), Gtlatlitskée'tinam, Twins, kasii'ho. 
Son, adgk-atlé'nam. Woman, pa tlhe, 
Daughter, sa'nam. Man, 7i'th’at. 


MArRiaGE (hond' tlath’tiné, I am married). 


The social position of woman amongst the Kootenays seems to have 
been about the same as that which she held in the surrounding tribes. 
In the old days polygamy seems to have been in vogue, and wives were 
purchased by presents of horses, &c. The marriage age for girls was 
fifteen; for young men, twenty. Intermarriage of first cousins appears 
not to have been allowed. The preliminaries to marriage were as 
follows:—The young Indian went at night to the lodge where slept the 
object of his affections, and quietly lifting up the blanket, to make sure, 
lay down beside her. The girl’s people soon found him there, and threats 
were made. The young man’s father meanwhile inquired where his son 
was, and, on being told that he was in such-and-such a lodge, went 
thither with his friends and discovered the young people together. The 
girl then left, and went with her husband to his own people. The latter 
was at liberty to send back his wife to her relatives within a year if she 
turned out to be bad or he was dissatisfied with her. When guilty of 
adultery she was punished by having one of the braids of her hair cut 
off by her husband. A divorced woman was allowed to marry again, and 
widows also. Descent seems to be traced through the mother. 


CHILDREN (tlka'ma, young child). 


The Indians are fond of their children, and rarely punish or beat 
them. The children are usually very shy of white men, but amongst 
themselves are merry and lively. Parturition is easy amongst these 
Indians, Delivery was hastened by the efforts of several old women, 
who seized upon the pregnant woman and shook her. The after-birth 
was always hung on a tree. Mothers carry their children either in 
shawls at their backs or in cradles. The Kootenay cradle (dgkink:d'matl) 
is made of deerskin drawn over a thick board, about 3 feet long, and 
tapering from 13 foot at the widest to 6 inches at the lower end. Near 
the top is a flap which can be fastened over the head of the child, which, 
when in the cradle on the mother’s back, is in an upright position. The 
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cradle is often ornamented with beads, bits of fur, silk, &c. In olden 
times the cradle was a piece of board to which the child was fastened 


Fig. 1.—Indian cradle, ornamented with bead-work and strips of weasel fur. The 
original is 37 inches long by 14 inches broad (at the widest part). 


with buckskin thongs. The cradle is supported by straps around the 
breast and a band around the forehead (see fig. 1.) 


ADOPTION. 


Adoption into the tribe by marriage, or by residence of more than a 
year, was in practice. When the parents of small children died the 
relatives came, each taking a child and bringing it up as his own. The 
elder children seemingly had to take care of themselves. A very friendly 
feeling between brothers and sisters existed, and the latter were well! 
taken care of on the decease of their parents. 


PROPERTY AND INHERITANCE. 


Private property in land was unknown, the country belonging to the 
tribe collectively. The Lower Kootenays still make, through their chief, 
a demand for money of any stranger who intrudes upon their domain. 

The hunter had no absolute right in the product of his skill in the 
chase; it was distributed amongst the camp in order that all might have 
food. 

Women could hold property as well as men. The horses were the 
property of the grown-up male children, as well as of the father, and 
could be gambled away by any one of them. The lodge seems to have 
been secured to the widow and children on the death of the father; the 
women inherited also the kettles and other utensils, besides their saddles, 
blankets, ‘ parfleshes,’ &c. The horses, canoes, weapons, &c., went to the 
male children, if of age. In early times it seems that the dead man’s 
relatives swooped down upon the lodge, soon after his death, and appro- 
priated the property pretty much as they pleased. The exact nature of 
this seizure could not be ascertained. If the dead man left no relatives a 
‘strong man ’ of the tribe took possession of his property. 


CRIME. 


Stealing (na/iiné, he steals) is little practised by the Kootenays ; and 
though amongst them for months, when they had every chance to pilfer 
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from him, the writer never lost even a trifle. In the olden times it seems 
not to have been punished, and aybierer existed but to a very slight 
extent. Adultery was not severely punished. In case of murder the 
relatives of the victim were bound to avenge his death on the slayer. 
Members of the murderer’s family were also liable to be killed. A wer- 
gild was customary; the compensation depended upon the rank and 
importance of the victim. This compensation did not, however, entirely 
relieve the slayer from danger of being killed by members of his victim’s 
family. 


RELIGION AND SUPERSTITION. 


The sun-worship of the Kootenays, as described by Dr. Boas (‘ Report,’ 
1889, p. 848), which seems to indicate a belief in an over-ruling and 
beneficent spirit—though this is not certain—is confirmed. The belief 
_ that the dead go to the sun was strong with the ‘pagan’ Indians. They 
also believed that the dead would come back from the sun at Lake Pend 
d’Oreille, where the Indians will meet them some time in the future. 

The Kootenays believe in the existence of spirits in everything 
animate and inanimate; even little stones, bits of rag, shavings of wood, 
have their nipi/k’a or teak’ dips, as these spirits are called. These spirits 
can go anywhere, through glass, wood, or any substance, as through air. 
The touch of the nipi/k’a causes death and disease. At the death of 
Indians their spirits may enter into fishes, bears, trees, &c.; in fact, into 
anything animate or inanimate. While a man is alive his nipi/k’a may 
exist in the form of a tomtit, a jay, a bear, a flower, &c. The nipi/k’as of 
the dead can return and visit their friends; and while the writer was at 
Barnard, B.C., one Indian declared that the night before the spirits of hig 
children had come to see him. The spirits appear very frequently in the 
folk-tales. 

In the olden times sacrifices appear to have been made to the nipi’k’as 
of the mountains and of the forests to secure success in hunting, and to 
appease them when angered. The language of the mipik’as differs 
somewhat from the ordinary Kootenay, but the writer was unable to 
ascertain in what respects, or to obtain examples of it. A great or strong 
man has many spirits (see also p. 562 of this report). 


MEDICINE-MEN, OR SHAMAN'S. 


é In the old days there were many medicine-men amongst the Kootenays, 
and they were very powerful, as it was their business to commune with 
the spirits. In the camp they had special lodges, larger than the rest, in 
which’they prayed and invoked the spirits, who often would make their 
appearance in the form of a bird or the like in response to their 
entreaties. 

There existed, until recently, a tree in the Lower Kootenay region, im 
Northern Idaho, from which, on two successive occasions, Indians had 
jumped off in obedience to the promise of the medicine-men that they 
should be able to fly like the birds if they did so. In the presence of the 
assembled camp, men, women, and children, several Indians were hardy 
enough to do this, which was, of course, certain death to them. The 
invocation of spirits by the shamans now survives amorgst the Lower 
‘Kootenays only. 

These shamans were also the doctors of the tribe. They treated the 
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sick by pressure upon various parts of the body, by pinching, &c. They 
also practised blowing upon the patient, and extracted the supposed cause 
of the malady by suction with the mouth. Blood-letting at the wrist 
was also in use. The shaman was called nipik’ak-dk’a, from his having 
to do with the nipi'k’as. . 


DeatTH AND BoRIAL. 


The Kootenays usually buried their dead in shallow holes amidst the 
rocks and boulders, and often left them exposed to the air. Sometimes 
they buried them on low lands, subject annually to be covered by the 
river at high water. In the early days the Indian was buried with all his 
finery, and the members of the tribe seemed to have followed in the 
funeral procession. Before the Church authorities put a stop to it, the 
Indians used to betake themselves to the hills and shriek terribly over the 
dead. They appear to have taken good care of their dead, and never 
disturbed the graves of their people. It is impossible to obtain osteo- 
logical material or account of the strong prejudice the Indians have in 
this matter. 


PAINTING AND TATTOOING, 


The Upper Kootenays do not now paint (gi’tznu'stik) or tattoo (katlkiz) 
their faces or persons, except in very rare instances. In the past, however, 
they practised the same very much. It is said lovers’ wooings and 
challenges to fight were made known by painting the face in a peculiar 
manner, and the answer was conveyed by the same means. Some of 
the Indians are tattooed on the arms with small black dots, often 
accompanied by black lines. In one case, which the writer investigated, 
it turned out that the tattooing was done by Lum Kin, a Chinese doctor, 
to cure a sore arm. The Indians, however, admitted that in the past 
they had similar practices. 

Numbers of the Indians have on their arms one or several circular 
sears, evidently made by burning. These, the Indians said, were 
produced by pressing a hot tobacco-pipe of stone to the flesh. No reason 
for so doing was assigned. 

The Lower Kootenays are still much given to painting the face, ears, 
neck, and exposed portions of the breast in gaudy colours. Many, whom 
the writer saw, had their whole faces, necks, and ears daubed thickly over 
with bright red paint. Some had the face painted red and the forehead 
yellow; others, again, had the colours laid on in bands of red and yellow, 
giving them a weird appearance as they danced by the huge fire at night. 

Not the men alone, but the women also, were thus decorated, and with 
the same variety. The children, as a rule, seem not to be so much 
bepainted as their elders. Some of the Indians contented themselves 
with a few daubs here and there. One métis, who assured the writer 
that he was a ‘ Boston man,’ and not an Indian, was seen the very next 
day with as much paint on as the most Indian of them all. 

The red ochre used for paint is called na@mi'ta. Other terms for 
‘paint’ are: kand'su'mmé, red paint; kimda’/ktsu’mmé, yellow paint. The 
word gi'teni'stik, ‘to paint,’ is derived from nis or nds, the radical of . 
kano'hos, ‘red,’ that being the colour. 
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Music anp Sone (hé'ndwasad'’mek, I sing). 


The absence of musical instruments is very noticeable amongst the 
Upper Kootenays, but they appear to have possessed several in the past. 
Among these were a sort of reed pipe and a kind of flute (?) made of the 
leg-bone of a large species of bird. The Lower Kootenays still possess 
the Kootenay drum, made as follows :—A rather large stick is bent into a 
circle by the aid of fire, and over this is stretched, tambourine fashion, a 
piece of deer-skin. The Aqk‘ayé/nik Kootenays are said to be the only 
ones who now make these drums (kitémo'hotl); they are beaten witha wooden 
stick called kita/mohd'motl. In their gambling songs the Lower Kootenays 
use wooden sticks, called dqsé’ét, with which they beat upon a log. 

In the old days the Kootenays had very many gambling, dancing, and 
medicine songs. The Indians, under mission influence, have abandoned 
most of these, their places having been taken by the religious exercises of 
the Church. The children at the mission sing well, both in Indian and 
in English. In the evening the older people sing mission songs in their 
native tongue. Amongst the Lower Kootenays some of the old songs 
still survive. 

While travelling on horseback some of the younger Indians sing re- 
frains like this: To to td to! tum tum tum! ta ta ta ta! tai tai tar tat! 
accompanying it with rhythmic motions of the hands or with slaps with 
the hand upon the flanks of the horse. Another refrain, chanted with 
an infinite variety of inflexion and intonation, is the following :— 


Hat ya! ha hé yaw! 
EH ya! ha ha hai yaw! 
Hée ya! hiyo! &e. 


The Indian A’/meli was very fond of repeating in rhythmic fashion the 
word teina/tlié'tem, which he declared to be nothing but ‘ cultus wawa’ 
(Chinook jargon for ‘mere chatter’ or ‘idle utterance’), haying no 
signification. 

_ The Lower Kootenays are very much in love with gambling, which 
vice, through the efforts of the missionaries, has been entirely suppressed 
amongst the Upper Kootenays. In the gambling dance they chant 
Hai ya! hai ya! hai ya hé, repeated an infinite number of times, inter- 
spersed with yells of ho ho! hi ha! hé hé hai hat! ha hi/ &c. Another 
gambling refrain istzi! yaéee! 

The gambling consists in guessing in which hand one (on which a 
ring of bark is left) of two sticks of wood is hidden. The players sit in 
two rows facing each other, and a number of them keep beating on a log 
in front of them with sticks, while the sticks are passed from hand tohand. 
From time to time some of the players sing or contort their limbs in various 
ways. In its essentials the game is the same as the Chinook game 
described by Paul Kane (‘ Wanderings of an Artist,’ p. 193), who has not 
failed to note ‘ the eternal gambling song he hah ha!? 

The following songs were obtained from Paul, a Tobacco Plains 
Kootenay, and were stated by him to be very old :— 


1 
Ki'tami’gotl ka/kiwé/tl titk’at pa/tlké. 


Drum dance mar womun, 
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Ka‘tlkok’atlma’genam = na/matiktci'tlné 
Kissing giwe. 
Sé’tis tla/kitlak natlkok’a’/tlmaqa’tlné. 

Blankets divers things kiss. 
Na/matiktci/tlné yi’naka’né k’a’psins. 

Give many things. 
They beat the drum and dance; men and women kiss; they present 

blankets and other things ; they kiss and give many things. 


TE 
Ni'titlana’/mna tsgatla’nk6Qd’tlné tsi/sini/nk6Q0/natlka/ Ene 
He makes a lodge makes a big lodge and invokes spirits 


na‘ksak. 
the marten (Mustela). 


III. Medicine Song. 


Kika/qna/mnan ni/sinwisga’tlné na/kiné = kaki‘ksi ni’pik’a/is. 
The Indian covers himself with a blanket swims speaking his spirit. 
Tlati’k’ mi’ tétl kaki/ksi ni/pik’a/is. Tsqa/dlqaka/iyrka/mik. 


Enters the top of the lodge speaking his spirit. Rolls over on the snow(?) 


Paul elaborated this song thus:—An Indian is crouching in the corner 
of his ludge beneath blankets, invoking the spirits. Soon the spirit enters 
through the top of the lodge, passes beneath the blanket, and enters the 
Indian, who then flies away on high ; by-and-by returns, and, sitting under 
the blanket, causes the spirit to depart again. 


IV. Medicine Song. 


Ta'/m6Qo'tlné _— tsitlwani’knani’kanaimna’/mné. 
They beat drums sing very much. 


Yo'nak’i’psi k’a/psins ketci/kwat a’tkina/kiné. 
Many things get he recovers. 


Drums are beaten, songs are sung, many gifts are made, the things 
are removed, and the man recovers. 


V. Gambling Song. 


Ka/tlawa’tsinam 9 yi/naka/né ke’skagmi’tétl k’a/psin. 


Gambling many are lost things. 
K’k’a’tlaga/stlisin = sé/tis = aqka/tiwi’mtlant ta’wod aqktca’matl 
Horses blankets shirts guns knives 
ni‘tlko. 
money. 


K’a'pé k’a’/psin ne’/skaqmiti’tIné. 
Every thing lost. 


ee ee 
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VI. War Song. 
Nétlawa'tinak ni natlitlini’sinam. 
Across the mountains they go far away. 
Atnd/nitli’tlné sa/ntla a/tkonka’tlawtsqo’niya/mné. 
They are much afraid of Blackfeet P 
Atslo/nitli’tlné sa/ntla ; tlsqa’tlai k’a’tlaqa’Etltsin. 
They are much afraid of Blackfeet; they will steal horses. 


Atni' pslati’ yitlka’niki’tiné. 
They keep singing a long time. 
Ni‘/natlh6’tloni/sinam tla 6pka’tloni/sinam. 
They go far away; they cross the mountains again. 


No/kwankik‘itliqk’ni’yam. Ta/agas  atka/kaskini’tlné. 
Kill all the buffaloes. Enough of singing. 


This song Paul explained as follows:—The Indians cross the mountains 
to go to the distant Blackfoot country, where there are great prairies and 
many buffaloes. The Indians are much afraid of the Blackfeet. The 
youths form circles and sing. The Kootenays are much afraid of the 
Blackfeet. They are going to steal horses. They sing for a long time. 
Then they hasten to return across the mountains, having finished killing 
buffaloes. 


VIL. Children’s Song. 


Kitki/nit] kané’hé tla’kitlik ka’ wiska’kana/nam. 
Koktei/kina/mnam Atsli/tkini'tlné ka/ktlinka/iyam. 
Atslitkini'tlné k-a’tla ’tlka’mii niktci’kétl. 

Hinnén nétsta’/hatlna/na atawi’’té aqkini'tlams. 
Nau’t’na/na atni’nsi kiyi’k’mi'tlés atni/nsé aqkini’tlam. 


Paul gave the following explanation of this song :—The children join 
hands in a circle, and bending the knees assume a sitting posture, the 
whole weight of the body resting on the legs below the knees. They 
keep rising up and sitting down, never actually sitting on the ground, 
however. One of them closes his eyes, and the game consists in the 
others stepping on his toes, &c., and pretending to be women, snakes, 
guns, or the like. 


Hountine (hd'ndnd’aé, I hunt). 


The Kootenays have always been great hunters. In former times they 
used to cross the Rockies to join the Blackfeet and other tribes in the 
great annual buffalo hunt. Since the disappearance of these animals they 
have been forced to confine themselves to the pursuit of bears, deer, 
wolves, and the smaller fur-bearing animals. The Indians are very skil- 
ful in the chase, and it is said that in the old days certain families hunted 
only some particular animal; the bear or the beaver, for example. The 
flesh of most of the animals killed is eaten by the Indians, and the hides 
are disposed of to the whites. The Upper Kootenays kill a large number 
of skunks (@@'aas), which they sell to the Chinese miners, who use them 
for medicinal purposes. 

002 


564 REPORT—1892. 


Since the introduction of firearms amongst the Indians, the old bows 
and arrows have in great part disappeared. Some of the children use 
them to shoot birds, and here and there may be still seen a few old men 
with bow and quiver slung across their backs (the quiver being made of 
skin, and often profusely ornamented with beads, strips of fur, &c.). In 
using the bow the Kootenays hold it sometimes horizontally, sometimes 
perpendicularly. The arrow rests between the first and second fingers of 
the left hand, which grasps the bow-stick, while the notch-end of the 
arrow is held between the thumb and first finger of the right hand. 

The bow-stick (dgktld kid) was made of cedar (ttsena/zt, Thuya 
gigantea) or maple (muitskik, Acer glabrum). The bow-string (?awi'm’ka) 


Fiq. 2.—Bow and arrow (with flint point) made by Indian. The bow is 283 inches 
long. 


was made of the sinews (dgkinira’tlka) of various animals (chiefly of the 
deer), and sometimes of strips of skin. The arrows used for shooting 
birds were entirely of wood, with a thick, blunt end. Other arrows 
(aqk) had points (natlkd'tsap) of bone or stone, and, latterly, of iron 
obtained from the whites. The stone arrowhead (naitlké'tsap) was of flint 
(aqka'tsko) obtained by the Lower Kootenays from a mountain about 
twenty miles from Barnard, B.C., and by the Upper Kootenays of the 
region about Fort Steele from the vicinity of Sheep Creek. The point of 
the arrow is called dghkink aka, the feather agka'n’kd, the notch 
agk awk-ak, the quiver idts’ak, or d'gkank‘a’nam, the whole bow and 
arrows dgko'k’matlihét t’a’wo. Long ago the Lower Kootenays are said to 
have caught ducks by means of a pole, to which was attached a net made 
of the fibre of the plant known as d’gkétla’/kpis. The Indians used to 
lasso the ‘fool hen’ (kia'wats) by means of nooses made of the same 
material. 

It was customary for the hunter to distribute the product of his 
prowess amongst his relatives and friends, and this hospitality was almost 
alaw of the tribe. It is not quite certain whether an Indian would kill a 
bear or a fish into which he thought one of the spirits of his departed 
relatives had gone. 


Fisuine (natli'ktlawwa'té, he fishes). 


The Lower Kootenays are, toa great extent, canoe and fishing Indians. 
The Upper Kootenays, for the most part, on account of their situation, 
are less given to travelling by water or to the procuring of fish, except- 
ing salmon (s#wa/kemo), asa food supply. Many methods of catching 
fish are in use, of which the following are the chief : — 

Before the advent of the whites, the Indians fished with a hook 
(tcd'wak) made of a bit of bone fastened to a piece of wood, the whole 
having much the shape of an ordinary hook. To this was attached a line 
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made of the fibre of d'gkdtla’kpis. For hooks to catch small fish the 
spines of a species of gooseberry called kisyi’tin were sometimes em- 
ployed. 

Fishing through the ice was practised thus: Over a hole cut in the 
ice was laid a branch or stick of wood, upon which was let down a branch 
having two prongs, the ends of which were tied together, and from them 
hung the hook and line of @qkdtla/kpis. This method of fishing was 
termed nd/isantli' ktlikwd'tsené. 

Another mode of obtaining fish in the winter time was to pound on the 
ice with a club or heavy piece of wood, and so drive the fish into the 
shallows near the shore, where repeated blows stunned or killed them. 
This was called gd kpaki’ tow? tzad'mdtl. 

; Gafiing (gua'kimi'?wim’k'd'mo) by means of a large hook attached to 

_ aslender branch or pole is now much practised by the Indians, who are 

very skilful at it. 

= The Lower Kootenays, depending upon fish asa chief source of their 
food supply, have certain devices for obtaining them in large quantities. 

The chief of these are the dam or weir and the basket-trap. 
| The first of these (agk’ wi/ked) is a sort of dam of sticks and wicker- 

work built across a stream or at the entrance of a ‘slough,’ so as to pre- 

vent the escape of the fish when the water falls. Attached to these dams 
are often wicker-work traps, cone-shaped, sometimes 10 feet long by 
3,feet wide, into which the fish fall and are caught. Fishing by means 

of this is called wd’t’kd'tlik. 
The basket-trap (ya@'ka) is of wicker-work and cone-shaped (often as 
large as 10 x38 feet): within it is ingeniously placed or worked another 
_ cone, called a’ ghkithi'is ya’'ka (‘the heart of the ya'ka’), or ya/ka na'na 

(‘little ya’ka’), which effectually prevents the exit of the fish, while 
affording them an easy entrance. Along one side of the yd‘ka are placed 

rings of bark, generally three in number; to these are attached stout 
: strings, which are held by three or four Indians. To fish with the yd'ka 

is nd'witska’ené. 

There are three kinds of fish spears in use amongst the Kootenays. 
_ The first, called dgktla’aa, closely resembles the spear of the Eskimos ; 
the second, d@’gkini/kmak’, has three fixed points like a trident ; the third 
has a point of wood, headed with metal, shaped like an arrow-head, to 
_ which is attached a string, so that the point is released when a fish is 
_ struck and can‘be retrieved. The third sort is used for salmon and other 
large fish. To spear fish is called gi/ak-o'mé. 


Fig. 3.—Head of fish-spear called dgktia'aa. The original is 183 inches long by 22 
inches at widest part. 


The Lower Kootenays dry immense quantities of the fish called ma’tit 
and dpa’t’ for use during the winter. The fish are dried (ki/tkani'tltlitl) 
on stages called a gkiwd/skd, which are erected near the lodges. 
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CANOES. 


The Kootenays have three names for canoes: tci'k’rnd, a canoe made 
of pine or spruce bark; sta/tlim, a ‘dug-out’; ydktsd’métl, a term for 
other than dug-out canoes. A steamboat is d@/gkinkd'k 0 yak'tso'métl 
(‘fire canoe’), and a large ferry-boat is called sta’tlam. 

The bark canoe of the Kootenays is of peculiar construction. It is 
made for the most part of white pine (a/gkam) or spruce (gi'sttsk'a'dl, Picea 
alba) bark (agk’wék), with the outer side turned in and chipped off, so as to 
be fairly smooth. The upper rim, of about 4 or 5 inches in width, is made of 
birch bark. The Lower Kootenays use the bark of the tree called d'gkam 
to make their canoes. The sewing is done by needles of bone (dld), and 
split roots serve as thread. The pitch (7’dliwas) used is obtained from 
several of the conifers. The boat is much shorter at the top than along 
the keel, and at both ends runs down towards the keel, terminating in 
sharp points (a/gkd), thus rendering it quite unique in appearance. The 
rim around the top is made of bent strips (dqkd'k’ya) of hard wood, and 
is well secured by lashings of split roots and bark fibre. The edges of 
these strips cross at the ends. From the ends to the keel run two binding 
strips (dgku/nwik) for each end of the boat, which are fastened in the 
same way. The boat, besides being pitched, is often plastered over with 
a sort of mud (é/mak). The inside framework consists of longitudinal 
strips (dgki/kdlik) on the bottoms and along the sides, and the curved 
strengtheners (dqkd'dlma) running from top to top along the bottom and 


Fig. 4.—Canoe of Lower Kootenay Indians. This drawing is after a model made 
by Chief Eustan. The model canoe is 22 inches from tip to tip by 43 inches 
wide at the centre, and is perfect in its details. 


up the sides. The bark fibres or strips used for tying and lashing the 
various parts together are called niip’tsa/ned. The thwarts, three or four 
in number, are called d/qkz. The paddle (dli’sin) is generally of cedar ; 
the blade is called dqkié'm, and the handle dgka'n. The paddler kneels 
upon a number of fiat pieces of cedar or other similar wood tied together 
termed gd7'nidl. 

These canoes are very ‘cranky,’ but the Indians can navigate one of them 
in the wake of a large river steamer with ease. The canoe is anchored 
by sticking the handle of the paddle into the mud of the shore and tying 
the boat to it by a string of bark, &c. The Lower Kootenays make very 
good models of large canoes, reproducing in miniature the features of the 
original (see fig. 4). 


Hovsss. 


The houses (a/gkitla’nam) of the Kootenays consisted of a framework 
of converging poles (dqkits) over which were laid the skins of various 
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wild animals. The number of poles used varied from five or six to nine 
or ten. There was no particular separation of men and women in the 
lodges; communal houses were unknown. In the old days it was 
considered a grave offence to let the fire in the tepee go out. Larger 
lodges for the chief and for the medicine-man were the rule. Lodges 
were also constructed of the rush called téndtl. 


SWEAT-HOUSES. 


The sweat-houses (wisé'yatl) were made of willow sticks bent over 
one another so as to form a dome-shaped structure from 24 to 4 feet high 
and some 4: feet in diameter. This dome is covered with blanket, grass, 
bark, &c. A hole is dug in the ground in the centre, in which the bather 
crouches. Near to the sweat-house is built a fire, in which stones are 
heated red-hot and placed within the wisé'ydtl, when water is poured 
upon them, and the naked Indians stand the almost suffocating tem- 
perature for a long time, until suddenly they rush out and plunge into 
the stream close by. The Kootenays are very fond of these sweat-baths, 
and the writer has seen more than a dozen of the wisé'ydil in close 
proximity on the banks of one of the many creeks of the country. 


ImpLEeMents, &c. 


The use of the name dgka'tatl for both ‘flint’ and ‘axe’ seems to 
indicate of what material the Kootenays made axes in the past. Axes 
were also made of deer or elk horn called d@qkatlé'ét. Knives (agktea’matl) 
were of similar materials. Needles and awls (tl0'0) were made of the 
sharpened small bones of the leg of the moose (né'ts’na'pki) and other 
animals. Hammers (pw'pi) of stone are still in use. 


MANUFACTURES. 


Water-tight baskets, made of split roots and known as y/tski, are still 
manufactured by the Lower Kootenays, but the art appears to be nearly 


Fig. 6.—Root-basket. The original is Fig. 6.—Mocceasin, beaded and orna- 
54 inches high, 5} inches across mented. The original is 10 by 5 
bottom, and 3? inches across top. inches, 


lost amongst the Upper Kootenays of British Columbia. The larger 
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varieties of these ‘kettles’ are called yi/tsk?, the smaller yi'tski na'na. 
The terms yitsk? mi, d/tci, and a gatld'rk are also in use, the last amongst 
the Lower Kootenays. These root vessels are often stained and orna- 
mented in curious fashion. The Kootenays also make baskets or ‘ kettles’ 
of birch bark. These, which are sometimes very large, are called nd’ hék. 

All the Kootenay women make moccasins, gloves, and shirts from the 
skins of various animals, and these are often artistically embroidered and 
ornamented with silk and beads; also pouches, bags, &c., of like 


Fig. 7.—Gold dust bag. Fie. 8.—  Ochre-bag of Fie. 9—Glove, ‘made to 


Original is 74 inches Indians, heavily beaded. order,’ by Indian woman. 
long by 23 wide : made Original is 5} inches by Original is 85 inches by 
of buckskin, and orna- 33 inches. 4 inches. 

mented with bead- 

work, 


material. The skins used, after being deprived of the flesh and fat 
adhering to them, are stretched over hoops of willow and a fire built 
under them. After this treatment they are tanned with deer’s brains, so 
that they become very soft and pliable. 


Dress (a qkdktla'ntés, his clothes). 


The dress of the Kootenays varies considerably. Very many of the 
women and a large number of the men have, to a greater or less extent, 
adopted civilised attire. But perhaps the majority of the men still cling 
to the old blanket-legging (dgkatu/ktluk), the blanket (sé’t) formerly so 
much in use, and the customary moccasins (fld’zn). The shirt of 
buckskin (dqid/tuii/mtldzt) is replaced by one procured from the store, 
which, as a rule, is worn over the breeches and not tucked in. The Lower 
Kootenays in dress, as in several other respects, are more primitive than 
the Upper. Some few of them dress like white men, but in summer most 
of them go bare-foot and bare-legged, having frequently no other garment 
than an old shirt. In this guise they wade through the swampy meadows 
or urge their horses over the grassy plains. 

The girls and women are, as a rule, attired like the whites. The boys 
wear nothing but a shirt and a very narrow breech-clout, teskap’ukwa- 
ni'mé. In the winter the dress of the Lower Kootenays varies, some 
clinging to the old blanket, others dressing like the white man. 

Those Kootenays who do not go bare-headed wear felt or straw hats 


charms or ornaments. The Indians frequently pierce these felt hats with 
many holes or whiten them with a sort of pipeclay. 

In the olden time the dress of the Kootenays was different. The skin 
of the moose (né’ts’nd/pka) furnished them with shirt and leggings. They 
also made ornamented shirts of buckskin, and the women had a special 
dress for festal occasions. The Lower Kootenays still make these fine 
shirts, which are often punctured with holes and highly ornamented with 

 pead-work, bits of silk, and strips of otter and weasel skin. The 
moccasins were made the same as those in use now. The Lower 
_ Kootenays used to make them out of the skin of the horse. No hats 
_ were in use. The Indians wore broad bands of wolf (ka'gqkin) or coyote 
_ (ski!nkats) skin around the forehead and sides of the head, leaving the 
top bare. This probably survives in the narrow band of cloth which 
some of the older Indians still wear in like manner. More recently, the 
- Upper Kootenays made little caps of skunk (@d’aas) skin, and very 
 peautiful ones from the skin and feathers of the loon (ndk:tlu'kwén). 
: Very many of the Indians wear a breech-clout even when they assume 
_ the European dress. 
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Hair-pressine (hoted!ktlama'mék, I comb my hair). 


Many of the Kootenays wear their hair long and flowing. Numbers 
of the Lower Kootenays wear their hair cut short: this is less common 
amongst the Upper Kootenays, although favoured by the Mission. Most 
of the adult Kootenays braid (hd'nitli tltlakwa'tcktlana'mek, 1 braid my 
hair) their hair in one or more braids (kd'tltlikwa/tcktlam, my braid), 
and ornament these with silk, bits of fur, &c. Three braids, one down 
the middle of the back and one over each ear, arecommon. In the old 
days the rule for both men and women was two braids, one over each 
ear. The hair was not cut. 


ORNAMENTS AND CHARMS. 


The Kootenays are profuse in the ornamentation of their persons. 
From the hats, belts (dgk’a’mtam), shirts, and leggings of the men are sus- 
pended twisted silk, beaded cords, gay ribbons, strips of far, &c. Strings 
of weasel (mda/iyik) fur appear to be most in favour, one Indian having as 
many as twenty dangling from various parts of his dress. Around the 


Fig. 10.—Knife-sheath of leather studded with brass tacks. This is possibly of 
white workmanship. 


hats strings of beads, silk, strips of fur, and bands of bright-coloured 
cloth are worn, The belts, pouches (a’gkdtla’ko), moccasins, &e., are 
often finely worked with designs of leaves of plants, animals, &c., in silk 
or beads. From the necklace (d/na) and belt are suspended bits of ore or 


u 


wood, perforated shells (obtained from the store), and little trophies of the 
chase. Feathers of the owl and chicken-hawk are highly prized as orna- 


570 REPORT— 1892. ’ 


Fig. 11.—Indian quirt or whip. Handle of wood, 154 inches long by 23 at widest 
part, studded with brass tacks. The lashes are 19} inches long. 


je 


ments. Harrings (a qkokwd/tskak’a nam) of shells with serrated edges are 
much worn by both men and women, and some seem to have their ears 
disfigured by reason of these ornaments. 


Fig. 12. Necklace of Kootenay Indian. Contains two bears’ teeth, a few beads, and 
in the centre a stone charm. The material is dark, slaty stone. The teeth are 
24 inches long, and the stone 2} inches. 
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Many of the Indians still carry about their persons the horse-shoe 
steel (agkte’motl) for striking fire, which the Hudson’s Bay Company 
distributed long ago, and the nippers (tlaqtla/tlihd!pkiné'motl) used for 
extracting the hairs on the face and body. 
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The Indians are fond of brass finger-rings (d'qkokwa'tsitsqa'i’nam). 


_ One young fellow wore six: three (on first, third, and fourth fingers) on 
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the right hand and three (on first, second, and fourth fingers) on the left. 

Many of the ornaments are undoubtedly charms, and the Indians are 
very loth to part with these. One blind Indian had more than a dozen 
bits of stone, wood, fur, &c., besides a sort of needle made of the small 
bone of the leg of a grizzly bear. Bear’s teeth and claws are much worn, 
either in necklaces or pendent from the hair or some part of the dress. 

In the olden times necklaces of dgkii'p’mak, a shell found in the rivers 
of the Lower Kootenay region, and wristlets of the same material were 
worn. Men, women, and children wore earrings made of these shells, the 
child’s ear being pierced very early in life. No evidence of the existence 
of labrets, nose ornaments, or the practice of knocking out certain of the 
teeth could be found. 

Tosacco, Pires. 


The Indians call store tobacco yd'k’2t, and their own sort, made of the 
leaves of certain willows and plants, teakd’a. They have a remembrance 
of having obtained tobacco from the south-east. The principal plant 
which they use for making their native tobacco is that known as tcakd'wik 
(the kinnikinnik plant, Arctostaphylos wa-ursi). The pipe-stems (dqki’ tla) 
are made of a/gkwmé’ wok (Viburnum opulus) and other woods. The pipe 
itself (kos) is made of stone procured from the Lower Kootenay. These 
pipes differ very much in form and size, and are but little ornamented. 
Very few of them are now made. The Indians are very fond of cigarettes 
(iya'¢ a/vit), and in making them prefer to use printed paper (see figs. 
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Foon (kikétl). 


Much of the food supply of the Kootenays is now purchased. They 
are very fond of such sweet things as sugar, sweet-meats, jellies, and pre- 
serves. The Upper Kootenays obtain the refuse when cattle are killed by 
the Chinamen and the ranchers. The Lower Kootenays will eat horses, and 
have been known to eat the dead bodies of cattle that have been drowned 
and have remained for days in the river. The Kootenays do not eat 
skunks (ad'aas), cats ( pis), frogs (wz tak), crows (ad aa), ravens (ko'kwén), 
certain hawks, various kinds of woodpeckers, owls, robins (tci/keki), 
plover (ka'ué'ts), jays (k'ok-a'skz, blue jay ; wa koks, white jay), although 
the children occasionally eat the red woodpecker (md’zka), and a few 
Indians will eat the owl (k’a'pz), and the hawk called «ntlak (Accipiter 
Coopert). The Indians eat the eggs (d/gkima'qan) of a few birds whose 
flesh they do not use as food, such as the yi'kets’nd and the tcdk’ tlatltla. 
The Kootenays have the reputation of being enormous eaters, and the 
writer’s experience fully corroborates this. The Kootenays have the 
disgusting habit of eating the vermin (hd’’ké) which infest their heads, 
and even the chief has been seen picking the lice from one of his tribes- 
men’s head and devouring them with evident relish. 


Foop Puants. 


A large portion of the food of these Indians is of a vegetable nature, 
consisting of berries, roots, moss, &c. The following are the principal :— 
Berries : sk-0’mé, service-berry (Amelanchier alnifolia) ; kisyi'tin (Ribes 
oxycanthoides), wild gooseberry; dgkd’'kd and gatstlagd'kd, raspberry ; 
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Fie. 13.— Carved and pitted 
Indian pipe. Natural size. 
Broken at top, but held to- 
gether by wire. The stem of 
this pipe is much longer 

than the figure in the engray- 


Fig. 14.—Indian pipe, bowl, and 
stem. Natural size. Bowl of stone 
with lead covering at junction 
with stem. \ 
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tlawi'yatl, buckleberry ; nd’mkokni'matl (Ribes viscosinwm), species of 
gooseberry ; dgkokop’ (Fragaria virginiensis), strawberry ; gopa’tetl (Shep- 
hardia canadensis), soap-berry (little eaten by the Kootenays, but much 
by the Shushwaps) ; na@hok, Oregon grape (Berberis aquifoliwm) ; go'tlwa 
(Rosa pisocarpa) rose-hips ; nipad’motl (Vaccinium coespitosum). 

Roots: dgd’watl (Allium cernwum), wild onion (eaten raw or boiled) ; 
nitlka’ma (Lilium philadelphicum), root of the orange lily; pu!lali’tsa 
(spec. ?), boiled and eaten; wii/matl (Heraclewm lanatum) ; nasa/it (Cali- 
chortus elegans), boiled and eaten; dgkitskikam (spec.?); giutsko' kun 


(spec. ?), chewed, but not eaten. 


Varia: The mushroom, called wa/tak a/qkatla'qaés (frog’s P), is eaten 
by the Blackfeet, but hardly ever by the Kootenays. The hairy tree- 
mosses, known as d'tild, emgd'tlna (Evernia vulpina), are eaten after being 
left in the ground under a hot fire for some days. 

The gum and inside bark of the larch g’’o'stet (Larix occidentalis) are 
much relished, as also is the sap exuding from the a/qkitstld'tlutla’tl, or 
‘um-wood.’ 

For making tea the leaves of the shrubs called dqkdtla/kpéka'nam 
(Linnea borealis), kitkaitliilkded'mik, gakiaed' piwik (Ceanothus sangui- 


 neus), gopate'tliwok (Shephardia canadensis), gustlutla'tl (Juniperus 


communis), ma'tta (Mentha canadensis). 


Plants used Economically. 


From the fibre of a species of hemp @/qkétla/kpis (Apocynum canna- 
binwm), fishing-lines, ropes, &c., are made. The spines of the kisyi’tin, or 
wild-gooseberry, served as hooks for small fish. The bark of gidnigqtla’iwok 
(Llegnus argentea) is used to make ropes for catching horses. The wood 
of the maple, mitskék (Acer glabrum), was in the old days used to obtain 
fire by friction. From the plant emgd'tlna (Hvernia vulpina), by boiling, 
a red dye for moccasins, root-baskets, &c., is obtained, and the little seeds 
called gaku/tlwan of the plant gaka'tlwanmé'ds (Purshia tridentata) furnished 
a reddish dye. : 


Plants Admired for their Smell or Beauty. 


The plant called dqki oktli’ ainda’ ztét is much admired by the Kootenays 
on account of its scent. They may often be seen applying it to their 
nostrils, or, where it is found in great abundance, rolling about on the 
ground in evident delight. They fill bags with the plant called and’nam 
(Matricaria discoidea), and use them as pillows. The flowers of the 
h’sd'k’nd'k’ yok (Arenaria pungens) are much admired. The plant nisnd/pa'tl 
(Oryzopsis asperifoliens) is thrown on the fire in large quantities on account 
of its good smell. 


Medicinal Plants. 


The principal vegetable remedies of the Kootenays are as follows :— 

For sore eyes: The inside bark of the birch, dgk-ad'tliwok (Betula 
papyrifera), boiled; the peeled and boiled root of the nahd'kowok, or 
Oregon grape; the bark of the shrub md'kwo'k (Cornus stolonifera) boiled ; 
the root of the wi/mdatl macerated and boiled; the plant ndmétld’sik 
(Cicuta maculata ?) pounded in a mortar; the burnt leg bones of deer 
pounded in a mortar. 

For horses the Indians chew the tops of the plant mitskd'hothi tna 
(Apocynum androsemifoliens), and spit it into the animal’s eyes. 
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For consumption, coughs, colds, sore chest, &c.: Strong decoctions of 
the various tea-plants, wi/matl, mid'tta (Mentha canadensis), &c. ; the grease 
in the tail of the otter; plasters made of the leaves of the tea-piant. 

For horses the plant dgkini'ktla'qond' Eka (Bigelovia graveolens) is used. 

For belly-ache: Gdaimdawitstla'kpék (Spircea betulifolia) boiled in 
water; na’ma’’t (Alnus). 

As a purgative: A decoction of the root of the naid'kiwok, or Oregon 
grape plant. , 

For wounds, cuts, bruises: ad’tl (Balsamorrhiza sagittata) boiled and 
applied to hands, &c.; the leaves of the atli'matl (Populus tremuloidea) 
macerated, boiled, for burns, &c.; the pounded and macerated bark or 
leaves of the various tea-plants; the gum or resin of several of the 
conifere.! 


Disease (sd/nitlgd'né, he is sick). 


A very stringent and well-enforced law of the Province, which has the 
cordial approval of the settlers and of the Roman Catholic missionaries, 
keeps the curse of liquor from the Kootenays, and not a little of their pre- 
sent good character is due to this fact. By the common consent of travellers, 
missionaries, and settlers, the morality of these Indians is very high, and 
they are practically free from venereal diseases, and the licentiousness 
prevalent amongst some of the coast tribes is unknown. ‘The experiences 
of Mr. Robert Galbraith, who for some years acted as the medical adviser 
to these Indians, bears out to the full this statement. The institution of 
the sweat-bath and other helps to personal cleanliness has its good results. 

The Indians suffer most from consumption and allied affections, and 
diseases of the eye. The latter are mostly caused by the smoke of the 
lodges, and terminate not infrequently in complete blindness. Scrofula is 
also prevalent. Some cases of goitre have been noted (one, that of a 
woman, came under the writer’s observation), due, it is said by the settlers, 
to the immoderate use of snow-water. The Indian dogs are stated to be 
subject also to goitre. 

Running sores on the face and neck and in the ears are rather com- 
mon, especially with the children, and the cause of a recent death was given 
- as cancer of the brain supervening upon a sore in the ear. Some of the 
Indians are disfigured by warts; one deaf and dumb individual had his 
hand covered with them, and in the case of a little boy the face, thick 
with warts, was gradually being eaten away by cancer. 

Toothache, though very rare, is not unknown, and Mr. McLaughlin 
stated that he had known several Indians to suffer terribly from it. 

Besides their numerous native remedies, the Indians have frequent 
recourse to the supplies of the white man and the Chinaman. 

The writer met with two deaf mutes and two blind Indians. Amongst 
the Lower Kootenays there is said to be an hermaphrodite, who keeps 
constantly in the society of the women. 


ILLUSTRATIONS OF ARTICLES OF Koorenay MANUFACTURE. 


The drawings which accompany this report I owe to my brother, 
T. B. A. Chamberlain, who made them, at my request, from the originals. 


1 For the determination of the scientific names of plants, &c., the writer is in- 
debted to the courtesy of Professor John Macoun, of the Geological Survey, Ottawa, 
Canada, to whom he begs to return his thanks. 
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II. MytHotocy anpD FOLKLORE. 


Astronomical.—The moon (natd'nik, k’tei'tlmi'yrt nata'nik) is regarded 

as a man, the sun (natd/nik) asa woman. There was no sun in the begin- 

ning, and after the Indians had vainly endeavoured to discover it the 
coyote (ski’nkits) was successful in making it rise above the mountains. 

_ Another version makes the chicken-hawk (2’ntldk) cause the sun to rise, 

and the coyote, getting angry, shoots an arrow at the sun, but misses, 

with the result of setting the prairie on fire and making him run for dear 
life. 

_ The moon is said to have been found by the chicken-hawk. The man 

in the moon is an Indian, who once chopped wood all the days of the 

_ week (including Sunday), whereupon the moon came down and seized 

_ him, and he has been in the moon ever since. This myth may be of 

European origin. 

The stars are mostly Indians, who from time to time have got up into 
the sky. The Great Bear is called #ld/utlaé (i.e. grizzly bear), and 
was an Indian woman. Being a female grizzly she is at times very 
angry, and the stars in the tail are Indians, upon whom she has seized. 
The Milky Way is dqkEmd'is ad’ ztltsin,’ ‘ the dog’s trail.’ 

The thunder (naz/ma) is caused by a great bird that lives far up in the 
sky. The lightning (ndgka’tlimi/qiati'tlek) is made by the shooting of 
_ its arrows. 

At first there were no clonds (dgk'atl). The daughter of the coyote 
married the thunder, and her father gave her the clouds for a blanket. 

Bithnic Origins, §c.—The Kootenays believe that they came from the 
Hast, and one of their myths ascribes to them an origin from a hole in 
the ground east of the Rocky Mountains. Another account says the 
Kootenays sprang up from the hairs of the black bear (ni’pko), which fell 
on the ground after he came out of the belly of the great fish which had 
swallowed him, There were no women at first. By-and-by an Indian 
went up into the mountains, and from a spirit who lived there received 
the first Kootenay woman. 

Horses were made as follows :—A medicine-man took a piece of stick, 
cate it into the shape of a horse, and threw it away, whereupon it became 
a horse. 

The Indians have a belief that the white men get their cattle from the 

_ sea. They say the white men go every year to the shore of the Pacific 

_ Ocean to receive the cattle which come out of the waters. 

4 Deluge Legend.—Sukpé'ka (a small grey bird, species ?), the wife of 
4'ntlak (Accipiter Cooperi), is forbidden by her husband to go to a certain 
lake, to drink of its waters, or to bathe in it. One day her husband goes 
out after deer and repeats the warning before leaving. Sukpé'ka busied 
herself picking berries, and, what with climbing the mountain and being 

_exposed to the hot sun, she feels very warm, and goes down to the lake. 
Suddenly the water rises, and a giant called ydwd'rnék comes forth, who 
seizes the woman and ravishes her. I'ntlak is very angry when he learns 
of this, and, going to the lake, shoots the monster, who swallows up all 
the water, so there is none for the Indians to drink. I'ntlak’s wife pulls 
the arrow out of the giant’s breast, whereupon the water rushes forth in 
torrents, and a flood is the result. JI'ntldk and his wife take refuge on a 
mountain, and by-and-by the water sinks to its proper level. 

In a variant of this legend the ‘giant’ is a ‘big fish.’ I’ntlak sees the 
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conduct of his wife, kills her and the monster; it is the blood of the fish 
that causes the deluge; and intlak escapes by climbing to the top of a 
tree. The scene is localised as the Kootenay River, near A’gk’dm (Fort 
Steele). 

In sei variant the ‘ giant’ is a ‘lake animal,’ and 7’ntlak stops the 
deluge by placing his tail in the water, the flood ceasing to rise when it 
had reached the last row of spots on his tail. Hence the spotted tail of 
the chicken-hawk. 

Fish swallows Bear.—Long ago there was in the Kootenay River, near 
A’qk’am (Fort Steele) a huge fish. One day this fish swallowed the black 
bear (ni’pko), who had been an Indian (?). The bear remained in the 
belly of the fish about two months, when he was vomited out. The bear 
lost all his hairs, which, falling to the ground, became Kootenay Indians. 
The big fish is finally killed by the bird called ydmié'kpdatl, a species of 
woodpecker. 


ANIMAL TALES. 


The folklore of the Kootenays consists mainly in animal tales. Fol- 
lowing is a sketch of the principal characters and their actions :— 


ANIMALS. 


Bear (black).— Given above. 

Bear (grizzly).—Appears frequently in tales; is often deceived by the 
coyote, who induces him to attempt to cross a creek on a log, and when 
the bear is half-way over shakes the log, causing him to fall into the 
water and be drowned. Then the coyote boils the grizzly in his kettle, 
which tumbles over, and the coyote, getting angry, throws the whole into 
the river. In another tale the grizzly (tld’utla) is killed by the spirits. 

Beaver (si’nd).—Appears in tale with turtle. Throws turtle into river. 
Beaver grease is a dainty of frequent mention in the stories. 

Buffalo (ni'tltsik).—Appears often in tales with the coyote. Asks the 
coyote to smoke his (buffalo’s) pipe, which he does, and gets his mouth 
burned in consequence. Buffalo-skulls (inhabited by spirits) lying on the 
prairie are often mentioned in the tales. 

Caribou (na’aané).—Appears in tales with the coyote or the wolf. Is 
killed by the coyote, and in another tale by the tomtit. 

Chipmunk.—Two species of chipmunk appear in the tales. The one 
called k-d'teatc is killed by the owl and the frog, who put him into ‘ sour 
dough.’ The other, known as nd’mtlézt, appears as an unimportant per- 
sonage in the tale in which the toad and eagle take part. 

Coyote (ski'nkits).—The coyote is the chief figure in Kootenay mytho- 
logy. His principal exploits and adventures are as follows :—He sets 
out with the chicken-hawk to find the sun, gets angry, and shoots an 
arrow at the sun, thereby starting the first prairie fire; kills the caribou, 
the owl, the white-tailed deer, the grizzly, the cricket, the moose, &c. He 
is thrown into the fire by the chicken-hawk and gets his coat singed. 
Smokes the buffalo’s pipe and gets his mouth burned. Quarrels with his 
wife, the dog, and kills her. Is represented as carrying his younger 
brother, the cricket, about with him. The cricket has a broken leg, 
and one day the coyote breaks his own leg to be like him. The cricket 
tries to injure the coyote, who finally kills him. After being for a long 
time supreme amongst the animals the coyote is beaten and killed by the 
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fox, who takes his place. Among the services rendered by the coyote to 
the Indians was the appeasing of the spirit of the mountains, who became 
angry and killed all those who started to hunt in his domains. In return 
for this benefit he was given a wife from the tribe, and from that time to 
this the Indians have been allowed to hunt in peace. 

Deer.—The white-tailed deer (tci'pk'd@) is killed by the coyote. The 
young deer are cheated in a race by the frogs. 

Dog.—The dog (aa'Etltsin) appears as the wife of the coyote, who kills 
her in a fit of anger. 

Fou.—The fox (nd@’keyi) is often represented as carrying a root- 
basket. Scares the skunk by whistling; kills the wolf and restores him 
to life again ; induces the wolf to try to beat the shadow of the sun; kills 
the coyote, and becomes chief of all the animals. 

Moose (néts’na'pki).—The male moose (néts’nd'pki) is killed by the 
coyote, and the female moose (¢ld/wd) by the tomtit. 

Mountain Lion.—The mountain lion (séd’z) is feared by many of the 
_ other animals, especially by the skunk, whom he at last killed. 

. Rabbit.—The rabbit (g’ani qtli’m’nad), with the snow-bird (niskd' zt), 
kills the female moose and brings some of the meat to the frog. 

Skunk.—The skunk (a@d’eas) is represented as a very clever animal, 
and is associated often with the fox. He carries a root-basket, and is 
afraid only of something that whistles ; is scared by the fox’s whistling 
and runs off, but afterwards tries to kill the fox; is finally killed by the 
mountain-lion. 

Squirrel.—The squirrel (¢’a/kdts) appears a few times, and in one of 
the tales is killed by the spirits. 

Wolf.—The wolf (ka’qkin) appears often in the tales. Kills the tomtit 
and the caribou. Is occasionally carried by the coyote; is killed by the 
fox and brought to life again; wagers the fox that he can outrun the 
shadow of the sun, but fails to do so; and a long quarrel with the fox 
results, 


———— a ae 


Birps. 


Duck.—Some ducks (gid/qild) are seen by the coyote on a little lake ; 
by-and-by they rise up, and the lake driesup. The coyote afterwards pulls 
out some of the ducks’ feathers, so that they cannot Ay too high. 

Hagle—-The eagle (gia'k’dnu'kuadt) appears in a tale along with the 
toad and hawks. Is found sitting on a tree by a star, and is killed by 
the latter. 

Goose.—The goose (kdai’tlak) is represented in one tale as a child 
eating dirt. 

Grouse.—The ‘fool-hen ’ (kid'wats) has a large family of young ones: 
these are stolen by the coyote, who puts them in his sack. They escape, 
however, by scratching holes in it. The ‘ruffed grouse’ (¢’a/nkits) takes 
the place of the ‘fool-hen’ in another tale. 

Hawks —The male chicken-hawk (i/ntlak, Accipiter Cooperi) is a very 
important character in these tales. He is the companion of the coyote in 
the search for the sun; in a fit of anger he throws the coyote into the fire. 
He is the hero of the deluge, which is indirectly caused by the infidelity 
of his wife, swkpé’ka, whom, in one version of the story, he kills. 
Associated with him, sometimes, is a young hawk (gi/dka/tlak). His wife 
is a small grey bird called sulpe'ka. It was her amours with the giant 
ied that brought on the deluge. 


i i a at a a el 
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Magpie.—The magpie, called adnan, tries to pick out the eyes of the 
coyote while the latter is lying down apparently dead. 

Owl.—The owl (ki'pi) is represented often as an old woman who 
steals children. She helps to kill the chipmunk, and is herself killed by 
the coyote, who helps the children she carries in a basket at her back to 
escape. 

Bri. bird = The snow-bird (niskd’et) is represented as the wife of the 
rabbit, whom she helps to kill the moose. 

Tomtit.—The tomtit (mitskd/kas) is the grandson of the frog; after 
killing the caribou he is killed by the wolf. In another tale he induces 
the moose to come across the river to him, and then kills him with a 
knife. 


Fisu. 


Trout.—In one of the tales the coyote changes himself into a trout 
(q’a'stét), and is caught by the Indians, who are about to hit him on the 
head with a club, when he calls out that he is the coyote, and not a fish ; 
whereupon they laugh much and let him go. 

Whale, or Big Fish.—The big fish (giwi'tlka gid'kgqd) swallows the 
black bear. He is finally killed by the bird called yamd'kpatl. 


INSECTS. 


Butterfly.—In one of the tales the coyote tries to run off with the 
butterfly (kéli'lz), thinking it to be a woman. The butterfly, however, 
turns out to be a man, and the coyote is ridiculed. 

Cricket.—The cricket (dqko'ktlakd/wom) is represented as the younger 
brother of the coyote, who carries him about with him, and is at times 
advised by him. He is sometimes mentioned as having a broken leg, 
and in one story the coyote breaks his own leg so as to be like his brother. 
The cricket seeks to kill the coyote, but is at last killed by him. 

Mosquito.—There was originally one mosquito (gdtstsd’tla), who was 
fed with blood by the spirits until his belly became so large that it burst, 
and from it came forth the myriads of mosquitoes that exist to-day. 


REPTILES. 


Frog.—tThe frog (we'taék) is the grandmother of the chipmunk. In 
one tale he takes to wife two of the children of the grouse (#’d/nkits). 
The most interesting exploit of the frog is the race with the deer. The 
method of procedure is the same as that by which the tortoise wins in 
the ‘ Uncle Remus’ story. The frogs, in large numbers, are stationed in 
hiding at various points in the track, and when the deer approaches them, 
hop on ahead, so that the deer always sees the frog ahead of him. They 
look so much alike that he never suspects the trick, and consequently the 
frog wins the race. 

Toad.—The toad (k’d'k0) appears in a tale with the eagle, and is killed 
by the chicken-hawk. 

Turtle—The mud-turtle (kd'ad) appears in a tale with the beaver 
chief, whom he kills by cutting off his head. He is afterwards thrown 
into the river, and escapes. 

Other characters appearing in these tales are Indians, white men, 
giants, spirits, the heavenly bodies, &e. 
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Most of the tales are old, and in but two or three the white man 
appears, and in these he is represented as doing something ridiculous or 
obscene. 

The Indians and the animals are so confused at times that it is 
impossible to say where the human and where the animal character pre- 
dominates. Old men and women appear very often. 

The spirits, who appear with great frequency, are represented as 
giving advice, being consulted by, or interfering with the actions of, the 
various characters. In one tale a mountain spirit is represented as 
harassing the Indians very much, depriving them of game, and killing 
the hunters who ventured up the mountain. He is finally outwitted by 
the coyote. 

There are several giants, the principal being the monster ydwd'Enék, 
who is represented sometimes as human, sometimes as a fish, and some- 
times as a huge lake animal. He is shot by the chicken-hawk for 
outraging his wife, and this brings on the deluge. One of the giant tales 
is as follows:—A woman was out picking berries, and her child was 
lying on the ground near her. A giant (é’4a) came along, and said to her, 
* How is it that you have made my brother (7.e., the child) so white and 
smooth?’ ‘Oh! I roasted him,’ said the woman. Then said the giant, 
‘Roast me too; I want to be white and smooth.’ So she set the giant to 
work to dig a big hole, put plenty of wood into it, and lay stones on top. 
On this grass was placed, and the giant lay down, and the woman piled 
_ grass, earth, and stones on him, so that in spite of his efforts he could 

not rise, and was roasted to death. The woman then went home, saying 
to her people, ‘I have killed the giant.’ 

As mentioned above, the moon and the stars (a'qhkitind/hos) are repre - 
sented as occasionally visiting the earth. In one tale the star kills the 
eagle, who is found sitting on the branch of a tree. 

Two very interesting tales are those of ‘Seven Heads’ and ‘ Lame 
Knee.’ The first tale in abstract is this:—There was a young man, 
and his name was ‘Bad Clothes’ (Sda’nik-dld’Ent), and he determined 
to find ‘Seven Heads’ (Wistadld'dlaém) and kill him. After searching 
for some time he met him, and the two fought, and ‘Seven Heads’ 
was slain. The youth returned home in triumph, carrying with him the 
tongues of the monster as a trophy. 

The outline of the story of ‘ Lame Knee’ is as follows :—Ko'mdatlk’a' nko, 

_ ov ‘ Lame Knee,’ runs off with the wife of a chief and outrages her. The 

gonief pursues, and, overtaking ‘Lame Knee,’ cuts off his head with a 

knife and throws it away, but as it rolls along the ground the head 

appears to laugh very much. He then cuts off one arm at the shoulder, 
and afterwards the other ; and also the two legs are cut off one after the 
other. Only the trunk of the body is left, and this the chief gashes all 
over with his knife. At night singing is heard, and ‘ Lame Knee,’ having 
risen to life again, kills the chief and departs, taking the latter’s wives 
with him. 

| Regarding the relations of Kootenay mythology to the mythologies of 

other Indian tribes, not much can at present be said. ‘The coyote myths 
‘Seem to point to the mythic cyclus of the Indians to the south-east, from 
the Nez Percés to the Navajos; the Deluge legend has an Algonkian 
aspect; and some of the other legends point to the Sioux, and the 
tribes of Western British Columbia. But more study is necessary to 
make out definitely any points of contact. 

PP2 
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I might here add a note on bird-cries. The Kootenays claim to 
interpret the following :— 


Owl says: kd/tskaki'tl pa'tlké ; or, ktsé'tlkenétl pa'tlké. 

The bird called yi/kitsnd calls out: iské'tlo ka'ndqyi'qao=‘ no more 
buckskin horses.’ 

The tomtit says: tld’maiyét! tli'maiyét ! =‘spring! spring! (No 
more snow ! no more snow!).’ The Indians like this bird very much. 

The robin says: dkwa!nakté'tlamtet'ya ! = ‘ by-and-by plenty of rain!’ 


SIGN LANGUAGE. 


Sign language is still in use to a considerable extent amongst the 
Upper and Lower Kootenays. The writer was able to obtain the 
following, known to members of both tribes :-— 

1. Across—Same as first sign, described under ‘ Across,’ in Clark’s 
‘Indian Sign Language’ (1885), p. 24. 

2. Afraid.—Hands extended in front of body, back of hand outwards, 
index finger extended, rest of hand closed; the hands, which approach 
quite close to each other, are withdrawn with a downward movement to 
a distance, and in a degree corresponding to the fear to be expressed (see 
Clark, p. 25). 

3. All.—Right hand held in front of breast, palm downwards, moved 
around horizontally. Same as Shushwap sign for ‘all’ (see ‘ Report,’ 
1890, p. 639). 

4, Angry.—Right hand closed, moved rapidly before and close to 
forehead, keeping back of hand always to right (see Clark, p. 31). 

5. Awve.—Left forearm extended in front of left side of body, hand 
bent at wrist and fingers inclined downwards; then right hand with 
thumb and forefinger (rest of hand generally closed) seizes left hand just 
above wrist (see Clark, p. 56). Downward motion of hand to imitate 
chopping. 

6. Bad.—Same as sign described by Clark, p. 58, except that the 
downward motion is not very marked. 

7. Bark.—Index of left hand held up stiffly, rest of hand closed or 
fingers drooping ; right hand, limp, is then passed around index finger of 
left. The idea is ‘stick-around’ (see Clark, under ‘ Grass’ and ‘ Tree,’ 
pp. 192, 383). 

8. Basket.—Elbows resting against sides of body, bring points of 
fingers together, so as to form rude half-cirele (see Clark, under ‘ Kettle,’ 
p. 227; ‘Basket,’ p. 62). 

9. Beads.—Bring right forearm horizontally in front of body above 


breast, thumb touching index near the end of the latter; pass hand to and © 


fro across neck, other fingers drooping. Compare Clark, p. 63. 


10. Bear (Grizzly)—Close the hands (or sometimes let the fingers — 
droop) and hold them close to side of head, near ears, with backs towards 


head. Sometimes the hands are shaken or moved about slightly, to 


indicate better the ‘ears,’ which are the basis of the sign. Clark says a 


similar sign is used by the Crows (p. 63). 


11. Bear (Black).—Same sign as for grizzly bear, with the addition of : 
raising hands, with thumb and index placed together, to the level of the — 


eyes, and pointing to the outer corners of the latter. The conception 
‘small eyes’ is at the base of this sign. 


12. Beaver—Same as Shushwap sign described by Dr. Boas in © 


ON THE NORTH-WESTERN TRIBES OF CANADA. 581 


‘Report,’ 1890, p. 639, with the addition that the right hand is given an 
_ up-and-down motion to imitate the movement of the animal’s tail. 

13. Bell.—Right hand, with fingers drooping, brought close in front 
of neck and given a wagging motion. 

14, Belt—Bring the hands (flat) together at middle of waist, then 
move them gradually backwards across body. 

15. Berries—Same as sign described by Clark under ‘ Rosebud,’ 
_ p. 321. Sometimes, however, the sign for ‘small’ is made with right hand, 
by bringing thumb and index of right hand together a short distance from 
end of index; then the motion of picking something off the back of the 
left hand is gone through. 

16. Bird.—Crook arms at elbows, hold hands up with palms turned 
somewhat outward, and give hand an upward and downward motion, 
fingers drooping, gradually increasing the elevation of the hands. 

17. Black.—Touch hair with right hand, and rub back of left hand 
with right hand. 

18. Blunket.—Same as sign described by Clark, p. 73. 

19. Blind —Shut eyes, bend the head slightly, and with hands closed, 
backs turned upwards, touch the eyes with the thumb and forefinger of 
each hand. 

20. Blood.—Hold hands together (forefingers parallel, other fingers 
and thumb drooping) near mouth; make slight motion of hands forwards 
and upwards (see Clark, p. 74). 

21. Boat.—Both hands brought close together in front of body, and 
then moved alternately to right and to left and downwards. 

22. Bone.—Rub with forefinger of right hand the left hand at bony 
part of wrist. 

23. Bow and arrows.—Left hand extended in front of body, palm 
towards breast, then pass right hand backwards over left, for motion of 
drawing arrow and shooting. Compare Clark, p. 76. 

24, Bread.—Hold hands, fingers closed, palms up, in front of body, 
then alternately move hands together and open and shut them. 

25. Break.—Same as sign described by Clark, p. 81. 

26. Bullet.—Hands extended in front of body, fingers and thumb 
drooping, forefingers held parallel; then right forefinger is made to touch 
left forefinger, and to pass quickly forward, touching its whole length. 

27. Colowr.—Same as sign for ‘ black.’ 

28. Come.—Same as sign described by Clark, p. 122. 

29. Come here.—Raise right hand, palm down, above head, give hand 
an up-and-down motion, and then move it backwards more or less 
quickly. 

_ 30. Deaf—Press both ears with palms of hands, then raise them a 
little and move them to and fro over ears. 

31. Drink.—Same as sign described by Clark, p. 156. 

32. Dwmb.—Place right forefinger or palm of right hand on lips. 

33. Evacuate the bowels——Assume stooping position, pass right hand, 
index extended, rapidly across region of buttocks in the direction of the 
ground. 

34, Fish—Same sign as described by Dr. Boas for the Shushwaps, 
‘Report,’ 1890, p. 640. 

35. Fly.—See ‘ Bird.’ Same sign used for both. 

36. Great, large—Hold the arms extended at full length, fingers 
stretched in front of body, so as to give idea of large half-circle. 
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37. Hungry.—Touch or rub abdomen; or open mouth and move 
fingers of right hand, so that the ends, fingers drooping, are just within 
the mouth. 

38. Lake—Same as Shushwap sign, described in ‘Report,’ 1890, 

. 640. 
39. Length—Extend the left arm in front of body, and with index 
finger of right hand mark off on the left arm, beginning with the ends 
of the fingers for small objects, portions corresponding to the distance 
meant. 

40. Mountain.—Same as sign given by Clark, p. 262. Rocky Moun- 
tains.—Same action performed with both hands at once. 

41. Night. Same as sign for ‘nightfall’ amongst the Shushwaps. 
‘Report,’ 1890, p. 640. 

42, Paddle.— See ‘ Boat.’ 

43 Red.—Move right hand, palm inwards, towards cheek, rub cheek 
with ends of fingers. This sign arose from the red paint used by the 
Kootenays. Another sign is to touch the tongue with the forefinger ot 
the right hand, to which is added sometimes the sign for ‘ colour.’ 

44, Ride.—Same as sign for ‘rider’ with Shushwaps. ‘Report,’ 
1890, p. 640. 

45. Rock.— Same as Shushwap sign. ‘ Report,’ 1890, p. 640. 

46. Sleep.—Bring the hands, palms inwards, close to sides of head, 
close eyes, and incline head towards the left and slightly downwards, so 
as to appear resting on palm of left hand. 

47. Small.—Extend right hand in front of body, press second, third, 
and fourth fingers against palm; extend index finger, and place thumb 
against it a short distance from the end. 

48. Snake.—Stretch out right band in front of body, palm inwards ; 
press thumb, second, third, and fourth fingers against palm, extend 
index, and with it make sinuous motion to imitate movement of snake. 

49. Sunrise—Same as Shushwap sign. ‘ Report,’ 1890, p. 640. 

50. Sunset—Reverse of sign for ‘sunrise.’ 

51. Water——Same as sign for ‘ drink.’ 

Following are a few of the signs used to denote individuals of various 
Indian tribes :— 

Flatheads.—Palms of hands, fingers pointing upwards, pressed against 
sides of head. 

Pend d’ Oreille—Sign for ‘ boat’ or ‘ paddling.’ 

Nez Percés.—Index finger of right hand pressed against cartilage of 
nose, to give the idea of ‘ pierced nose.’ 

Shoshoni, or Snake Indians.—Sign for ‘snake.’ 


Ill. PHYSICAL CHARACTERISTICS. 


The Kootenay Indians are physically well developed, and between the 
various groups there appear to be no well-marked differences. Their 
stature places them amongst the tallest tribes of British Columbia, nine 
out of thirty-six adult males, or one-fourth, having a height of more than 
1,739 millimetres, and one individual actually measuring 1,846 milli- 
metres, while three others were 1,767, 1,760 and 1,770 millimetres 
respectively. Two-thirds of the individuals measured are included be- 
tween 1,660 and 1,779 millimetres, with an average approximately at 1,690. 
The women, if we may judge from the few cases here recorded, are much 
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shorter than the men: three females, aged 14, 18, 40, measured respec- 
tively 1,557, 1,570, and 1,582 millimetres. There appears to be not so 
great a difference between the heights of the boys and girls. 

The index of finger-reach seems to be slightly less than that of the 
Bilqula and some other tribes, two-thirds being found between the indices 
102 and 106, but nearly one-third falling below 102. 

The index of height, sitting, is also lower, two-thirds having an index 
of from 50 to 58, and but ten cases out of thirty-five having an index of 
more than 53. 

The index of length of arm has the largest number of cases at 45, and 
two-thirds of the total come within the limits 43 to 46. 

The indices of height and width of shoulder are more variable. The 
index of height of shoulder shows the greatest grouping (ten cases out of 
thirty-four) at 85, and between 82 and 84 two-thirds (twenty-two cases) 
occur. Of the indices of width of shoulder two-thirds (twenty-one cases) 
are found ranging from 18 to 20. 

The indices of face show a range from 77 to 93, with the greatest 
accumulation (nine cases out of thirty-two) at 88, and having nearly one- 
half (fifteen cases out of thirty-two) the number of cases with an index 
of between 86 and 89. The facial index of the Kootenays is therefore 
higher than that of the western tribes of British Columbia. 

The indices of the upper part of the face have their greatest grouping 
at 55 (eight cases out of thirty-three), and nearly two-thirds are contained 
between 52 and 57, while eight cases, or nearly one-fourth, are above 57. 

The nasal indices show the greatest grouping (six cases out of thirty- 
four) at 70, and there is none below 58. 

Thus far we have dealt with adults alone. It seems allowable in the 
case of the cephalic index to include all individuals of five years and over. 
_ This gives us, of pure blood Kootenays, seventy males and fourteen 

females. Of the females, thirteen have an index of over 78 (correspond- 
ing to 76 on the skull), and eight have an index of more than 83 (81 on 
the skull). If one is to judge from these fourteen cases, the Kootenay 
women are brachycephalic; a fact which would correspond with their 
seemingly much shorter stature. This apparent brachycephalism may, 
however, be the result of the comparatively small number of individuals 
measured. 

The cephalic indices of the males range from 72 to 86 (corresponding 
to 70 and 84 on the skull), with the greatest grouping at 77 (75 on the 
skull). Fifty-five cases are found below 80 (78 on the skull). More 

than half are thus mesaticephalic. It is just possible that we have here 
an intermixture of a brachycephalic type, but this would perhaps be sus- 
tained if several hundred measurements had been taken. 

The cephalic indices of the half-breeds show considerable variation, 
and the females tend towards brachycephaly, as was the case with the 
pure Indians. 

It is usually impossible to obtain the weight of aborigines owing to 
the lack of weighing apparatus ; hence the few cases here recorded will be 
of considerable interest. They are presented on next page rearranged 
according to age :— 

These measurements were taken when the Indians had a normal 
amount of summer clothing on. 

The average weight of thirteen adults (from nineteen to fifty-nine years 
of age) is 151 pounds. 
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Name Age Ween Name Age Weight be 

Samuil Piel 2 25 Joseph 20 153 
André : ; 4 31 A’mEli 22 177 
Skt’kEm Joe Nana . 5 46 Kaplo 26 150 
Pol Nana . 53 482 Pol. : 28 1504 
Piel . 10 64 Salwa Q . : 31 147 
Pitt 14 100 Ski’kEm Joe . 33 1564 
Baptiste . 15 123 Simo K. . 51 1414 
André 16 1342 Wilyam Q 51 1472 
Piel . 19 142 Dominick 59 1492 
Eusta : 19 1774 Blaswa . 60+| 146 
Eustace Benwil 19 137 Old Joe . 65 135 
Joseph. . or 20 1343 


The eyes of the Kootenays are dark-brown, the hair straight and 
black. There are, however, quite a number of cases of brown hair; but 
as these seem to occur with children and those adults who habitually go 
bareheaded, the difference in colour may be attributed to exposure to the 
air and sunlight. In a few cases also the hair is quite wavy, in some, 
even curly; and one of the Fort Steele Indians is nicknamed ‘ Curly” 
(Kantli’mtlam) from this fact. But one or two cases of the ‘ Mongolian 
eye’ were observed, the Indian Giaqkatl Salo being one. 

The colour of the skin is, in general, brown, varying from rather dark 
to a dirty white. Many of these Indians, as far as colour of skin is con- 
cerned, would be quite indistinguishable from the dark-skinned natives of 
Southern Europe. The contrast between them and the Chinese—the 
writer had the opportunity of seeing them very often together—is marked, 
and they would neyer be mistaken one for the other by experts. 

Hair on the face and body is not common on account of the practice 
of removing the hairs which the Indians more or less practise. Still, 
beards and moustaches are possessed by some of the Indians. Kootenay 
Pete, an old Indian of Columbia Lakes, had a white beard, small in size, 
but at least 60 millimetres long; Chief Hustan, of the Lower Kootenay, 
had a number of white hairs on his chin; and another Indian of the same 
tribe, aged about sixty, had a slight beard and moustache, both whitish, 
and dark and heavy eyebrows ; an Upper Kootenay, aged thirty-one, had 
also a slight beard. An Indian, named Blasois, aged seventeen, had a few 
hairs on his nose. 

The noses seem rather flat. The shape of the nose itself varies; the 
largeness of the nostrils is very striking in many cases, as is also the 
depressed root of the nose with prominent glabella. The nose of one 
Indian was so perceptibly large that it formed a constant point for the 
merriment of his fellows, and one of the names of the Indian Patrick 
(Gd'tlemd’kastla'ekak) refers to his ‘big nostrils.’ The point of the nose is 
in most cases short. Straight noses with pointed ends are not unknown. 

In a few cases the ears of Indians are distorted and lengthened by 
heavy earrings. The ears of the great majority are, however, medium- 
sized, most often with round and attached lobe. 

The mouths of many of the Kootenays seem disproportionately large, 
and the lips are often very thick, as in the case of the Indian A’meli, 
whose ears, it might be remarked, were rather small. 

The teeth of these Indians are remarkably well preserved, the writer 
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having seen but a single case of caries, and that ina boy. The chins are, 


as a rule, well formed, both in men and women. The foreheads appear to 


be broad and straight. In the case of an Indian (André) aged sixteen 


the distance from chin to the hair-line was 187 millimetres. The glabella 


is generally 3 to 4. of Broca. The superciliary ridges are quite prominent 


in many cases. ‘The faces seem broader than they really are, and the 


cheekbones often prominent. The limbs appear to be well-shapen, but 


in not a few cases the hands are rather large, the shoulders stooped, or 
the legs bandy. 

To distinguish a Kootenay from an Indian of some other tribe may be 
at times difficult: mix one Shushwap amongst a few dozen Kootenays, 
or vice versd, and he may remain perhaps undetected ; but arrange twenty 
Kootenays in a line facing twenty Shushwaps or twenty Stonies, and the 
great difference that really exists between them will flash on the observer 
in a moment, and if another Shushwap or a Kootenay happens to come 
along he will unhesitatingly be assigned to his proper place. The writer 
had no difficulty in picking out two Crees from a number of Blackfeet, 
who were in a line opposite a number of Kootenays. The ensemble of the 
Blackfeet was broken by the presence of these two Crees, and the convic- 
tion that they were not Blackfeet came at once. Many of the mistaken 
theories of Indian origins and of the exact resemblances of far distant 
tribes may arise from the fact that the observer who relates his experi- 
ences has never seen, say, a hundred individuals of each tribe drawn up 
in line opposite each other, and been able to get, as it were, a mental 
composite photograph of each ethnic group. When twenty Chinamen 
and twenty Kootenays are placed opposite each other in like manner, no 
one would for a moment judge them to be the same, or even similar. 

The tables opposite contain measurements of forty Upper Kootenays, 
forty-nine Lower Kootenays, four Kootenay Métis, eleven Kootenay- 
white Métis, making a total of 104 individuals, of ages ranging from two 
to seventy years, and coming from all parts of the Kootenay country. 

The measurements were taken in a manner similar to that described 


‘by Dr. Boas in ‘Report,’ 1891, p. 425, and the indices calculated in like 


manner. Very few females could he measured on account of the prejudices 
of the Indians. 
The measurements were as follows :— 


Height, standing. Distance from naso-frontal suture to 
% of acromion. chin (height of face). 
¥ », point of second finger. Distance from naso-frontal suture to 
Finger-reach. between the lips (height of upper 
Height, sitting. part of face). 
Width between acromia. Width between zygomatic arches 
Length of head. (width of face). 
Breadth of head. Height of nose. 


Width of nose. 


The length of the arm is obtained by subtracting the height of the 
point of second finger from the height of the acromion. The weight, 


_ which was obtainable in but few cases, is given to quarters of a pound, 


from an excellent scale in the store of Mr. Galbraith. 
The ages, especially of the Upper Kootenays, may be relied upon as 
being as nearly correct as possible, the margin of doubt being very small. 
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The tribes of the father and mother are given, where such could be ascer- 
tained, and the relationship of the various individuals is indicated. 

The following tables exhibit in a more condensed form the measure- 
ments contained in the preceding pages, and need no special explanation : 


Stature, Kootenay Males (19-51 years). 


| Centimetres | 
g (i eel eT =. Number | 
Tribes ee ay |_.. jof Cases 
160 162 164 166 168)170|172/|174|176| 178 180} 182) 184 
(161 ) 163 | 165 | 167/169 171 / 173 175 | 177| 179 181 | 183 | 185 
aaa aes ia) ha Oe MY ee 
Lower Kootenay é = | 2! 1] 2| 1} 4 | Ah Aly Bil peS. es ee 24 
Upper Kootenay > . os} PY —T Lis | a | eal oo: | \— alk og] — 1 er 11 
Mixed Upper and Lower Koote- | — | — | —|—/}—]|]—|—j]| 1]. —|-/|-— 1 
nay | | | | 
otal! saan ae | 3 1) al 6 4] 4} 6 4) 4) — i Vet alge 
Index of Finger-reach, Males (19-51 years). 
2 f 2.8 
| Percent. of Stature 
Tribes , Number 
] of Cases | 
97 | 98 99 | 100/101 102 | 103 | 104 | 105 | 106 | 107 }108 109 110} 111 
Lower Kootenay -|—-|— Li 3S 1S Sse aba isle / —|-|— 22. 4 
Upper Kootenay wa |e (ieee mca mS een em) Rt a Vg eg }—}—]— 10 | 
Mixed Upper and | —/}—/—|—]—|]—] 1}/—]—|=]_— a a hee 1 
Lower Kootenay | / | 
Total . Seve ai 5, [ie] 6) al Ballas 1]—|—|-|—| 33 | 
| 
Index of Height, sitting. 
Percent, of Stature 
, _ |Number 
Tribes | | Nl of Cases | 
47 48 | 49 | 50 | 51 | 52 | 53 | 54 55 | 56 57 | 58 | 59 | 60 | 
| / | 
Re eee ee 
| Upper Kootenay cect 3a te Nese OO) Ves] OR eee met | peed fen | met Pe 1a 
Lower Kootenay “ <i ——o ——\—9| eae 6 5] 3) 3 )—) 2 =|) 23 
Mixed Lower and Upper |— — | —/|—]/]—] j | —)— J] — | — | — J eK J EK 1 
Kootenay | | | 
| 
Total. 2 ./— 2/—|] 3] 4] 9| 7] 3| 5} — Ss ee -| 354 
Index of Height of Shoulder. 
Percent. of Stature | 
E z as : 'Number 
Tribes of Cases 
77 | 78 | 79 80/81 82 83] 84| 8 | 86 87. 88. 89 
Lower Kootenay . A ae] — eet Sul 6 | (6 | — | — | = eae 23 
Upper Kootenay ated i ae eas | od a as i) ae eg eee ws] 
Mixed Upper and Lower Koote- | — | —|— | {2 7 )22) = }— |=) |) ala 1 
nay | | | | 
Total p |-|- 1;— —) 6| 8 8 | 10 | — -|-| 2 34 
Se a at pel lie i ae Se 
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Index of Width of Shoulders. 


| Percent. of Stature 
Tribes Number 
of Cases 
16 | 17 | 19 | 20 21 | 22 | 23 | 24 | 25 
a rate 
Lower Kootenay F : é : ‘ - —}]—]}] 8] 8] 4] 1}—} Ll]—J— 22 
Upper Kootenay 5 ef Bes ile EL) Sh Se ee 10 
Mixed Lower and Upper Kootenay . . ¢ = —f—}—m—f—}—] ty eH fy eK — 1 
Toit + + «| —| 1] 8] 8] 5] ta] a}—|-) os 
Index of Length of Arm. 
Percent, of Stature 
Tribes Number 
| of Cases 
40 | 41 | 42 | 43 | 44 | 45 | 46 47 | 48 | 49 | 50 
Lower Kootenay 5 5 e : Sole 2 SS (a) |e Sa ee Se aE ame Ts a = 22 
Upper Kootenay . ~{/—/—] 2) 1;—] 4)/—!] 1]/—] 1) 1 10 
Mixed Upper and Lower Kootenay . ~}/—}—}/—}—] 1y)—)—-) — J —} H— 1 
Total . > - 1/—]| 4] 5 5 CON st] 31—] 2] 1 33 
Cephalic Indices (Males over 5 years). 
, Indices 
Tribes Number 
of Cases 
73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 
Lower Kootenay 5 Pe ete Sal eG) PG |: (Bol) Actes sol Bi 2 erset ow oh ise 44 
Upper Kootenay lL) —F os) —] 2) SP Saft 2y— | 8) 2) By 2) — 24 
Mixed Upper and | —|—/}—j/]—]/ 1} 1)/—]—/]—);—|—/]}—]J—/|-/- 2 
Lower Kootenay 
; fe a a a a a eS a ee 
Total . 5 2 2 4 | 6 7 9 8 7 4 3 5 5 3 | 3/| 2 70 
Cephalic Indices (Females over 5 years). 
Indices 
Tribes eee eee Ua SS) CE Nome 
of Cases 
72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 
Lower Kootenay np fe Se | eet I a 1 es ces |e RY Tb) | 2 
Upper Kootenay of — } — P=] 1 eH  — ] He | oy 8K 2 be 12 


moat. .f—|—|—]—| a]—/—] 1]-| 2] a|—| 2} «| 14 
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Cephalic Indices (Métis, Kootenay and Whites, Males over 5 years). 


Indices 
Tribes Number 
of Cases 
72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 
Lower Kootenay Métis} — | —|—}—] 1}]—]—}]—]—}]—} 1}—]}—]J—|— 2 
Upper Kootenay Métis} — | — | — | —} —} 1)—|—) =| —]J—] —} =| =] = 1 
Total . ~|—l|—|—-|— | 


Cephalic Indices (Métis, Kootenay and Whites, Females over 5 years). 


Indices 
Tribes Number 
| of Cases 
70 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 
Lower Koote-| 1} —|—] 1}—]—j—j] 1]—]—]| 1}/—]—}—]—|—]— 4 
nay Métis | 
Upper Koote-} — | — | —| — | —| —) =} —f—]— | 2H] 2a |] 2 eet 3 
nay Metis | 
Total .| 1}/—j|—J| 1 | —}—,—} 1lj}J—f—}] 2+;—] ty—] tj—-j— 7 
Index of Upper Part of Face (Males, 19-51 years). 
Indices | 
Tribes [Number 
Il [_.| of Cases 
47|48/49 50/51/52 rails 55/56/57 58/59/60 61/62'63 64/65|66|67 
Fea at EN Fe FY a 1 VS 
Lower Kootenay . 8 6) ce f—|—J—} 1 1) 2 3| 2| 5) 2i—| 2) 1) 2) 1-———|-J—J— 22 
Upper Kootenay . : -f—} 1 wj—} | 1) 3J—] 1} 1] | J | J— 1j—; 10 
Mixed Lower and Upper Kootenay 5 SS Se 1 Se eS ee ee 1 
Total . . e + |—| 1} 1] 1) 1) 3) 3) 4) 8) 2) 1) 2) 1) 3) Jj -j— iL 33 


Index of Face (Males 19-51 years). 


Indices 
Tribes Number 
| Ema) | YT fn sal adic a OR |p of Cases 
6|77|78|79'80 81/82\83|84/85|86/87|88 89 wc 92 93/94/95 
PS BY | fT PF -H-|-K- -H I 
Lower Kooten ay ees 2—|— 1} 1) 2) 2) 2} 3}—| 6e—|—| 1 1) 1/-/-|__- 22 
Upper Kooteisy saene 6) «© « oti 0 a Oe | i He fee 9 
Mixed Upper and Lower Kootenay. so aS Sais ea Poe 1 
Total . “as 3) 2} 2| 2 8|—| 4) 2) 9) a} 2) > oo oy) 


—=_— ss =o” 
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Index of Nose (Males, 19-51 years). 


Indices 
Tribes s Number 
} | |_| | of Cases 
58/59 60 eRe 63/64 65|66 67\68/69 70|71|72\73)74| 75/76|77|78/79|80 81/82 83)84 
| pee ee ee ee oe ee eee 
Lower Kootenay .i|—| 2] 1) 1) 3) 2) 1 1/—| 1; 3} 2) 2) L—|—|—|— 1j—| 1]-—/—|— 1) 28 
Upper Kootenay . |—|—|—|—| 1|/— TO elie 
Mixed Upper and |j—————|-\—|-—-—-|——-|-- |-- - |-— —|—| 1j—|— | —|—|—|— 1 
Lower Kootenay | 
Total . Jat sla a fafa] 6 af sla a} fala} LEI 34 
| | 


IV. LINGUISTICS. 


The Kootenay, spoken in two slightly differing dialects, the Upper Kootenay and 
the Lower Kootenay, forms a linguistic stock by itself. The writer’s examination of 
the material he obtained does not lead him to expect any serious modification 
of this position. No traces of connection with, or relation to, the Blackfoot 
tongue were discovered, and except a seeming similarity in a few points of general 
structure to the Shoshonian and to the Siouan tongues, no points of resemblance 
except of the vaguest and pan-American kind have been found with the neighbour- 
ing languages. 

The Kootenay is incorporative (both as regards the pronoun- and the noun- 
object), abounds in prefixes and suffixes, both in the verb and in the noun, has 
certain inflections of adverbs, nouns, and pronouns by suffixes, and possesses an 
elaboration of structure which the writer hopes to be able to explain and illustrate 
after a more thorough study of the linguistic material in his possession. The incor- 
poration of the object-noun in the verb is characteristic of Shoshonian tongues, but 
the Kootenay is remarkably free from forms by reduplication, and so marks itself 
off from these languages in which that peculiarity is highly developed. 

The few details that the writer has been able to work out will be found in the 
following pages. 

As examples of the exceedingly composite character of the Kootenay language, a 
noun and a verb analysed into their component elements may be given here :— 

Crown of head=dghi'nk-dni'htla'mnam=dqhki'nk-an (top) +uk (point) +tlam 
(head) + nam (=somebody’s). Agkinka'n is further to be decomposed into dg + kin 
+k-dn, the last being probably the radical for ‘top.’ 

He is going to bite us=¢sedtli'teandwa'siné =ts + atl (prefixes of future tense) 
+ itea(n) [to bite =it, to do + ea(n), with the teeth]+-n- (verbal?) +dadwas(=he.. 
us) +2 (verbal) +2é (verbal). 


PHONETICS. 

The Kootenay language possesses the following vowel sounds :— 
a as in German Mann. 7 as in English pique. 
a@ as in English father. aes. ¢ bond. 
Bs eee ALE anaes » bone. 
7 ae A AGT Ties s wood. 
ena son epee AB igs » boot. 
Criss » they. a » aisle. 
Oia ss »,  iresh (exaggerated). au ,, » brown, 
E, » flower. AT wits Del: 
als sy | pen. zr as in French fautewil. 


There is a frequent interchange of vowels in Kootenay, the chief equivalents 
being as follows :— 
E=a, a, 4, 6, e, i, 0, 0, i. 6=i (very common). 
i=i=e=é, i=6, i, 0, u, a. 
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The consonantal sounds of the Kootenay are :— 


d, t, as in English, Often pronounced, however, more forcibly as ?’, d’. 

g, %, asin English. Often pronounced, however, more forcibly as g’, 2’. 

7, k', very guttural g and k, written by some authorities gr and kr. Uttered more 
forcibly as g”’, k”. 

gy, ky ; g, German ch in Bach; @ approximately the same sound, but slightly less 
guttural; #, German ch in ich; h as in English; y as in English; p (uttered 
more forcibly as p’), m,w; 2; 8 as in English; c=English sh; ts; te= English ch 
in church ; dj="nglish 7; tl, explosive 1, dl (dorso-apical); 7. 


The chief consonantal equivalents are :— 


7==H#=h; ts=tc=s=c; 
tl=dl; d=t; g=g; k =k 


The Kootenays can pronounce some of the letters which are not in their own 
language. The following lists, the one of French proper names bestowed on the 
Kootenays and their phonology as given by them, the other of English words, which 
the writer had the Indians pronounce after him time and time again in order to be 
sure of the phonetics, may be of some value :— 


I. 
French Kootenay French Kootenay 
Pierre Piel. Fabien Bi'bien'. 
Joseph Sosep. Adrien Atlié'n. 
Gabriel Képlie'l. Urban Ulba(n). 
Sophie Sopz. Marie Mali. 
Paris Paiis. St. Pierre Sapiel. 
Frangois Blisna, Antoine Atona'(n). 
St. Louis Sal’. Patrick Pitlik. 
Nicholas Nikna'la. 
i, 
English Kootenay’s English Kootenay’s 
rendering rendering 

bacon pée' ken. Johnnie Teo'ni. 
Bob Bop. log lo'k. 
Bonner’s Ferry Be'mus Fia'lz. lumber le'mbe. 
bread bled. mission mi'sEn. 
buffalo bu'palo. mush (7.¢., porridge) mes. 
caribou ha’ libii. Nelson No'lsEen. 
chipmunk tei'tmuf. nine nite’. 
cigarette sigla't. owl a'tizl. 
coffee ho' pi. pepper pe'pEen. 
corn h'a'en. pere (Fr.) pail. 
crackers tla' kas. pocket paket. 
croak tlok. potato peté'te, 
damn tam. rain len. 

den din. rapid la' pit. 

deer di'r. rice lais. 

eleven le'ben. ride laid. 

ferry ta'li. river li'be. 

fire pa'iz; fa'rx, rock lok. 

fish pis; fis. run len. 

five fai. Rykert la'ihet, 
flour pla'un, salt sda’rl. 

fly plii. Sand Point San Po’. 
fork tak’. seven se'ben. 
Fort Steele Fo'te Stil. six sik. 

frog flok. ‘skunk sken'k (00 g sound). 
good git. sleep sip. 

grass glas. snore snd'el. 

hiss hés. spring splin. 

hit hét. store sto' El 
horse ha' gs. straight trét, 
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English Kootenay’s English Kootenay’s 
rendering rendering 
sugar sw hen. trail Sél; tvél. 
tamarack _ ta/mlok. tree tl. 
thick Sik. twelve tniél. 
thin jin. weasel nize. 
three tr. whistle nv'sel, 
tired tait. wild nail, 


The most interesting points brought out in the pronunciation of these words are : 
French: r=1; f (ph)=p; j=s; f=6. 

English: v=1; f=p; b=p; @=t; er=tl; sh=s; g=kh; r=n; th=f; and 
- amongst the vowel sounds English 7=é. 

We have also Kootenay tlz'hkapo' = likapo' (French, le capot). 

In this report the accent is marked thus, ’, the sign immediately following the 
syllable accented. 


GRAMMAR. 


NOUN. GENDER. 

Grammatical gender does not exist in Kootenay. Some words are used of males 
and females alike, with no change of form, e.g. :— 

tla tlima'tl = widow ; widower. 

na'nka& = orphan (boy or girl), 

tlka’mu = infant (boy or girl). 
Gender is distinguished in the following ways :— 
1. By the use of entirely different words for the male and female :— 

Buffalo bull, nz't7tsih. Elk (male), 2’i/tik-a’'tlé. 
» cow, tli/hpu. », (female), tla/wi. 
2. By suffixing or (rarely) prefixing 4x'skd (male) and sto'kwatl (female) :— 
Duck (male), mallard, ha'nk-tisho'ih-ak he'sho. 


» (female), sto'hknatl. 
Horse, h’a'tlaed'etltsin he'sko. 
Mare, fs sto knatl. 


.. 3. Where no ambiguity is liable to occur, the terms ku'sko =‘ male, boy, horse, 
dog,’ &c., and std'kwatl=< girl, female, mare, bitch,’ &c., are employed without the 
class-noun. 


NOUN. DECLENSION. 


The Kootenay noun has an indefinite form in -ndm (-ndm, -nam) thus :— 


tito'nam, father (of a man). 
so'nam, father (of a woman). 
aqkitla'nam, a house. 


This -n@m does not appear in all words, and some of the Indians never use it 
with the word watla'nak (tongue), for example, while others do. It may be that its 
use was formerly more extensive than at present, as the existence of the Lower 
Kootenay padlhz'nam (woman), tith’a'tendm (man), seems to indicate. 

The uses of a definite article or demonstrative adjective are in some way served by 
the particle ¢ein or tsen. Thus:— 


tein ni'tlko =iron, i.e., the metal. 
tsen aghkts'mda'hkinik = Indians, t.¢.4 the mens 


The substantive seems to have an uninflected and an inflected form, which ap- 
_ parently can be used interchangeably. (The initials U.K. and L.K. stand for Upper 
and Lower Kootenay.) 


‘ 
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Uninflected Form. 


Indefinite form : pa'tlké (U.K.); padihé'nadm (L.K.). 

Singular: Nominative, pa’tihé. * 
Objective and oblique cases, pa'tlké. 

Dual : Nominative, a’/sné pa’tlké. 


Objective, &c., a/sné pa'tlhé. ¢ 
Plural: Nominative, pa'tiké. € 
Objective, &c., pa’tlhé. 3 


remains the same. ; ive 
There exists also a declension which is as follows :— 


All nouns may be treated in this way, and then the form for singular and plural 
Indefinite form: pa’tlké ; padiké'naim. 
Singular: Nominative, pd’tlhé. 
Objective, &c., pa’tlhés. ; 
Dual: Nominative, pa’tlhzhi'stik. 
Objective, &c., pa'tihéhistik(é)s. 
Collective: Nominative, pa/tdhéhi'ntih. 
Objective, &c., pa'tihzhintih(é)s. 


Plural: Nominative, pda/tlkéni'ntikh. 


Objective, &c., pa'tlkzhii'ntih(2)s. : 


Objective, &c., pa'tlhénintih(2)s. ¥ 
Distributive: Nominative, pa/tihkéha'ntik. 
The Kootenay seems to possess, therefore, a case-inflection in -s or -es, a plural 
in -ni'ntik, a collective in -hi ntik, a dual in -hi'stik, a distributive in -ka'ntik. The 


following examples will serve as illustrations :— 


a'peané aghinmi'tiks ski'nkhiits, the coyote sees the river. 

o'peané na'h’'yi ya's wii! ds, he sees the fox down in the water. 

ipi'tiné né'is na' eanés, he kills (him) the caribou. 

hana! eé ski'nhiits natled'né ha'ghéns, the coyote goes along, carrying the wolf. 

o'peané ni'titsihs ska'st, he sees the buffalo bull coming. 

hana! eé a'ghitino'hos, nii'peané tlha'mis ni'hst ad'maks, a star is going along, [and] 
sees a little child eating dirt. 

aghkona'woks ha!usaka'né k:o'tsats, the chipmunk sits on the willows. 

ta'qas hantla'tité ski'nkiits tla'utlais, the coyote struck the grizzly bear. 

ni'nakisea'mné né tlha'mihi'sték, these two children go away. 

nit'peané yuna ha'psi tlha'miininte'hés, he sees many children. 

hi'naha' sak:a'tlhka nipi'k'ani'ntik ? where are you gone, spirits? 

tinaga’mné yi nak a' pst tlha'miini'ntik, many children enter. 


Combined with the possessive pronouns, nouns are declined as follows :— 


h'ati'to, my father (father of man). hati'tina'tla, our father. 
tito'nis, thy father. titoni'skétl, your father. 
tito'is, his father. titoi'sis, their father. 


When declined with the possessive pronouns, some nouns sometimes lose one or 
more of their prefixes, thus :— 
aghitla'nadm, house. 
hakitla, my house. 
a' qhkitla'sis, his house. 


The word for ‘horse’ presents some peculiarities. The Upper Kootenay form is 
Ratlaed'utltsin, the Lower Kootenay g:itih’d'tlaed'xditsin, the latter being the more 
primitive. The etymology is apparently ‘elk-dog, ‘elk’ in Upper Kootenay being 
gitlh’a'tlé, and in Lower Kootenay gi'dik’a'dl@. In declension, however, the word for — 
‘elk’ drops out entirely, and we have only edxtltsin (dog) left. This does not always 
occur, however. 

horse, k’a'tiagd' etltsin. 
our horse, kaégdértltsinna'tla. 
your horse, od/ztltsinni' skétl. 


ene 
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The noun denoting the object possessed, or in the genitive, may precede or follow 
the governing noun. Thus :— 


wr'tak tité'is k-o'tsdte, the frog, grandmother of the chipmunk. 
gis yi'hna tito'nis ? is that the hat of your father? 
ené sind aghk:d'tatls, it is beaver grease. 


COMPOSITION. 


Some compound nouns are formed by the simple juxtaposition of two substantives, 
thus :— 

: a'ghink:o'h'd yak-tso'métl (fire + canoe), steamboat. 

Btcitlmi'yit nata'nik (night + sun), moon, 


_ The qualifying noun precedes. 

In other cases the compound consists of radicals, prefixes, and suffixes. For 
example : 
hihantla'tltémo'tl (that with which striking is done), whip, from hkdntla’tlté ‘ strike,’ 

prefix #2-, instrumental suffix -mdzl. 
aglanil qtli’' tlam (its head is white), white-headed eagle, from radicals nwi’/qtlu, white, 
tlaim, head, and prefixes se and fiz-. 


NOUN AND VERB. 


The following examples will serve to show the relation between the noun and 
verb as regards matters of derivation :— 


Bark (of tree) agkitsk atl. 
hotstli'tsk'atleo'né, I take the bark off a tree. 
4 Bread (baked in pan) hankii'ptcé. 
hotca'nkiiptce'té, | bake bread. 
Bridge aghko' ko’. 
ho'tsitho' hkiphki'né, I make a bridge. 
Brush hiipho'mattho' mot. 
ho'tsopk'dmatled'né, I brush. 
Comb tek’ tlamdaniyatl. 
hotewh’tlama'mék, I comb. 
Heart aghi' tint. 
Wokatini'né, I think, 
Peel tlitla'ntimo'tl. 


ho'tlitla'timo'né, I take the peel (rind) off (an apple). 


DIFFERENCES OF FORM IN NOUNS WHEN USED INDEPENDENTLY, 
AND WHEN IN COMPOSITION. 


One of the peculiarities of the Kootenay language is the existence of different 
forms when the word is used in composition, and when it is used independently. 


Form in Compo- 


_— ition Independent Form Examples of various Compositions 
Bag . | tla’ho a' qhotla' ko giyt'natla'kho, ‘He has many 
Pockets’ (a personal name). 
_ | Belly”. | G)ndm ; wim | agkd'nim tsema'howom, ‘ Strong Belly.’ 
. witlri’mné, ‘his belly is large.’ 
| Clothes . | wk:-tla'ent a'ghih tla'ent - sa'ntihtla'ant, ‘Bad Clothes’ (a 
; personal name). 
Ear . | koat (kiinat) | agkd'h oat gunitlk wnat, ‘ mule’ (lit. ‘it has 
(aqk ok tinat) big ears ’). 
Eye . | tletl agka' ktlétt tlittlétl, ‘blind’ (lit. ‘ deprived of 
. h:tleitl eyes’). 
a'qkoma'ktlétl, ‘ eye-lashes.’ 
ha'umini' h-tlétl, ‘ lower eye-lid.’ 
ma'tinaktle'tiné, ‘he opens his 


eyes.’ 
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Form in Compo- I : a Hos 
a ation ndependent Form Examples of various Compositions 
Finger . | k:d'inam a' ghitsh:a'inam go'ts’ma' hansk'a'inam, ‘first fin- 
ger.’ 
Fire koko a'ghkinko' ko sa/nink'dk'o'né, ‘the fire is bad.’ 
ni'tlink oko'né, ‘there is much 
Hair (of | honat aqk d' wat fire.’ 
animals) intcth’k:d'wat, ‘mouse-coloured ’ 
Head tlam a' qkotla'mnam ; (iit. ‘mouse hair’). 
aghtla' mnadm hand hostla'm na'na, ‘little red 
head’ (a bird, spec. 7). 
agko'tlimk:a' kenim,‘head of hair.’ 
Horn h:tié aghko'htlé géni'tihtlz, ‘mountain sheep’ 
(lit. ‘it has big horns’), 
House tla ; hitla aghkitla'nam hakitla, ‘my house.’ 
tla'né, ‘the house is.’ 
Lake k:Enith agho' hk enik shih’ kh enii'hs7, ‘ there is a lake.’ 
gopa'hnnik, ‘bay in a lake.’ 
Red no'his; nos; | hand'hos hi'tenisitlme'yit, ‘red sky at sun- 
nus down.’ 
hitent'stik, § to paint the face.’ 
River mitih a' ghinmi' tik na'imanmiti' kiné, ‘there are two 
rivers.’ 
h-o'ndnmi'tik, ‘down stream.’ 
Sand hokotl a' qhinko' hotl hiima' nkoko'tl, Sand Point’ (place- 
name). 
Sky ithmi' yit aghitlmi'yit sanitlmi'yit, ‘bad weather.’ 
hanw'sitlmi'yit, ‘aurora’ (‘red 
sky’) 
Snow tli aghtli natli'né, ‘itis covered with snow.’ 
tloma'iyct, ‘sprivg.’ 
: gnramu'ktli, ‘ Chinook wind.’ 
Star itlno'hos; no'ds| agkitina'hos gi witino'hos, ‘evening star’ (lit. 
‘big star’). 
hiima'ktcano'ds, ‘Yellow Star’ 
(personal name). 
Tail (of | hat agh da'tendm tlith'a'tiné, ‘it has no tail.’ 
animal) 
Leaf hotla'hpe'h a'qhotla'hkpekenam | gi'hotl-a' hpe’ha'tl.,‘ lettuce.’ 
Leg sath aghksak ha'tsh-ahi'tlsih,‘ Sioux’ (lit. ‘char- 
coal legs’). : 
gowd'nsik, ‘to crook the leg at 
the knee.’ 
White . | ni’gtld hiimni' gtlo gvanigtli'm'nda, ‘ rabbit.’ 
a'gkinigtli'tlam, ‘ white-headed 
eagle.’ 
Tail (of | niikhmdzend a'qkini'kmd'enam | gowi'tinikmda' end, ‘ peacock ” (lit. 
bird) ‘big tail’). 


This use of independent and composition forms, differing in the way indicated 
above, is very extensive in Kootenay, but the manner in which the differentiation of the 
two is brought about—simply by the addition or the subtraction of particles, each of 
which no doubt will be discovered in time to have some definite signification—marks 
the language off from those tongues in which a similar distinction is brought about, 
according to some writers, by the arbitrary dropping of one or more letters of the 
independent form. These letters, however, may ultimately be found to have each its 
particular meaning, and then the arbitrary cutting down of a word, so much spoken 
of, may be explained as a regular grammatical process. 

The independent. and the composition forms in Kootenay appear to be from the 
same radical, which fact distinguishes the language from those tongues in which there 
is often no connection between the independent form of a word and the form used in 
composition. 
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ONOMATOLOGY AND SEMATOLOGY, 


Explanations of some of the names of individuals and places are given below. 
The following list will serve to indicate the nature of very many of the compound 
' Kootenay names and appellatives :— 


apple go'tlwva (i.e., ‘rose-hip’). 

axe adgko'tatl (4.e., ‘ flint’). 

bald gani'qtlok (cp. kimnii'gtli, ‘ white’). 

blind thi'ttlétl (i.e., ‘without eyes’). 

candy ga ktletl kko'ktct (i.e., ‘ variegated sugar ’), 

chief naist'kwén (i.e., ‘he is good’?), 

dumb tlittlo'hva (i.e., * unable to speak’). 

horse BRR a'tlaga' ntltsin (2.e., ‘elk dog’). 

light (levis) tli'ttsema@ ha''né (i.e., ‘not strong ’). 

mallard ha'nk-tisho'th ak (i.e., ‘red foot’). 

mirror hi'tenw' stemo'tl (4.e., ‘instrument used when painting the 
face’). 

moon Rteitlmi'yit nata'nik (i.e., night.sun’), 

mule gu'nitlht'nat (i.e., ‘it has big ears’). 

needle tlé na'na (1.é., ‘little awl’). 

peas agk na'na (i.e., ‘little cartridges ; shot’). 

plant (spec. ?) a'qhaktle'tlés skinkits (i.e., ‘eyes of coyote’). 

priest ha'mk ok: o'kotl ha'tunii'mtlaiet (i.e., ‘black shirt’). 


quarter of a dollar 
rabbit 


spring (ver) 
star 


ed'nko (4.é., ‘muskrat skin ’). 

gu anigtl'im’na (cp. kimni' gtlii, ‘ white’). 
tlatli'ttlo (i.e., ‘no more snow’). 
a'qkitino'hos (cp. kand'hos, ‘red’). 


sugar Rka' ktct (4.e., sweet’). 
thistle nitlé hiné (i.e., ‘strange’). 
train a'qkinko'h 6 gaka't (i.e., ‘ fire waggon’). 
turkey goni'tlha ta'nkits (t.e., ‘big grouse’). 
watch nata'nik na'na (4.e., ‘little sun’). 
whisky wut (4.e., ‘water ’). 
ni' pik-a ni'% (i.e., ‘spirit water’). 
nitla' hiné wi't (i.e., ‘strange water’). 
stiyd'pt wit (i.e., § white man’s water’). 
wife titina'mit (i.e., ‘old woman’). 


REDUPLICATION AND ONOMATOPQGIA. 


_ Formations by reduplication and by onomatopceia seem to be very rare in Koote- 
nay. Buta few examples can be given:— 


a'nain magpie. 

hoki sk7 blue-jay. (This imitative word, in various slightly differing forms, is 
‘i, found in many Salishan dialects.) 

stihsok a large black bird (spec. ?). 

tedtco fish-hawk. 

miu tenite a small river-bird (spec. ?). 

QaQa crow. 

nin! kt rook, 

pu pt hammer of stone. 

pus cat. 


It is worthy of note that the word for ‘cat’ is not reduplicated, as in the 
Chinook jargon (pispis). 


PERSONAL NAMES. 


No name-feast appears to have existed amongst the Kootenays. The relatives 
gathered together, and some old man or old woman bestowed a name (d'ghkitle'ydam) 
upon the child; often, however, the parents named their own child. Frequently the 
child was given the name of his parent, and thus many names are now in existence, 
the signification of which has been forgotten, but which have been hereditary in the 
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family for generations. The custom of dropping a word which resembled, or was 
the same as, the name of a chief, &c., who had just died appears to have existed 
amongst these Indians in the past, but the writer was unable to obtain any examples 
of its application. The Indians are very loth to tell their names, and it is often 
even difficult to get an Indian to name a particular individual who is pointed out to 
him. Many of the Kootenays now use their ‘mission names,’ to the exclusion of 
their real Indian ones. 

The following examples of Kootenay personal names may prove of interest :— 

Upper Kootenays: Gomi'tiha Ka’hén (Big Wolf); Kh-a'tlsizn Ma’iyuk (Three 
Weasels); Gowi'tiktl@ (Big Horn Sheep); Mak’ (Bone); Ktsa'xntla’nm (Curly 
Head). 

ren Kootenays : Ma'iyuk Ni'diko (Weasel Iron) ; Na’/ké (Stone) ; Wi'dikod Dli'sin 
(Iron Paddle); Sih nipé'h'a (Good Spirit); Ka'dlsandkma'ena (Three Bird-tails) ; 
Djoqo'min (Pismire) : Kama'kteano'ds (Yellow Star). 

Children are often called after their parents: thus, Ko'md Na'na (Little Ko’m<s) ; 
Gia'tla Na'na (Little Swallow), until coming of age, when they assume other names. 

An Indian may have several names referring to personal peculiarities, deeds 
accomplished, and the like. One old fellow, called Patrick, had more than twenty 
names. The writer was able to obtain only ten of these, as follows :— 


Ganka'tlimma'tlak. His head is hurt. 

Ga'tlanea'nkd. He carries trees. 

Gowo'htlitla'ea. He has hair on his chin. 

Gani qtlotlutla'ea. He has a white beard. 

. Giyi'natla'kd. He has many pockets. 

. Kii'psketloni'tlétl. He is feared by all. 

. Gea'hatli'sak. He has no long braid of hair. 
Ga'tlumdhastla'rkak. He has big nostrils. 

. Kemda'tlék. He turns in his toes when walking. 
Ga'tlogwa'eniyau'né. He has little food, and is very angry. 


So aT i Po 


i 


Following are a few names of females: Ga’i’ts¢, Tlikkest, Kupa'ha, Tlaitina'tlok- 
wit, Kets kin. 

Some of the names given by the Indians to white men are interesting: Ski'nhits 
(Coyote), Ka/hutsh:a'iyw'kua (Bad Hat), Kahka'gtlighi'nmik (the man who takes out 
his eye, i.¢., who has a glass eye), Kahi'mhkak (blind of one eye), Kanii/gtlik (bald). 

The name given to the writer by the Upper Kootenays was Kzhd'nahi'nkana'- 
hasna'mis, which was said to mean, ‘he uses the long stick,’ in reference to his 
anthropological measurements. 


PLACE-NAMES. 


The Rocky Mountains, the Columbia River, the Kootenay Lake, are usually called 
by the Indians : Agha'hoitle'et, Aghinmi'tik, Aqko'k- enik, which mean simply ‘moun- 
tains,’ ‘ river,’ ‘lake’ respectively. The two Columbia Lakes (Upper and Lower) are 
known as Aghi/skentik (=two lakes near each other?), the Kootenay River, Aqkok- 
tla'eatl. Other names of interest are: Ainsworth (B.C.) Agk’ni'ktlz/ét na'na (Little 
Plain), Barnard (B.C.) Aghii'nok, Bonner’s Ferry (Idaho) Ya'/hohkwa'ské or Aghko'h- 
punmiti'ked, Fort Steele (B.C.) A'gk’ém, Cranbrook (B.C.) A'ghisg'a' ktléét, Kicking 
Horse River, A’ghini'ktlik, Sand Point (Idaho) Kamanko'hotl. 

The Kootenays call their country Ki’'tond' aa dima'hkis (the Kootenays’ land). The 
Lower Kootenays call the United States Dlz’nz (the other side) or Bo'sten dma'his 
(country of the Americans), Canada being denominated Kindjate dma‘his (the coun- 
try of the British), the two words Bo'strn and Kindjate having been adopted from 
the Chinook jargon. 


SEASONS, MONTHS, &c. 


The names of the seasons are as follows :— 


Spring. Tli'maiyét. ‘When the snow leaves.’ Also tlatli'ttld (no more snow). 
Summer. Gdéaksi'hit. ‘When things are getting warm.’ Also tliimd'iyét na'mu. 
Autumn, K’tciipna'hkot. ‘When the leaves, &c., fall.’ 

Winter. Wa'niitna'mi. ‘When snow and rain come.’ 
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The month-names are :— 


January  WNaéakta'isok (U.K. and L. K.). ‘The beginning (?) month.’ 
February NVipho'isok (U. K. and L. K.). ‘The month of the black bear with 


young.’ 
March Tliko'hk (U. K.) ‘The month when the water still remains on the 
Bee Diliko'h (. K.) ground.’ 
April Gaghku'mék (U. K. and L. K.), ‘The month when the earth (dé’mak) 


breaks open.’ 


Otli'mén (U. K.) )\ , : Soe ip 
May Odlii'men (L. KS The month when the rivers rise. 


ey Go' hoki' pho (U. K.). ‘ Month when the hi'pko ripens.’ 
ee one K-dina'mi (L. K.). ‘The month of the ducks with young.’ 
Go'kiisko'mo (U. K.). ‘The month when the service-berries (sk‘d'md) 
ripen.’ 


July Ktcidimi''yithedli' qiwa'iitski'mo (lL. K.). ‘When the service-berries 


ripen at night.’ 
f Kteitlmi'ithstlé'khewd'et (U. K.). ‘When the service-berries ripen at 
August 1 night.’ 
Asa'dlanik (U. K.). ‘Time of fish-spawn (anik).’ 
September Kdpa'hkpé’k. ‘Month when leaves begin to fall.’ 
DStober { K'ta'tlooktct'ph’a (U. K.)\ ‘The month of the rutting of deer’ [lit. ‘ the 
| Rta disk tei’ pha (L. K.) white-tailed deer (¢eu'pk-a) call out ’].’ 
November WMist'imi _ ? : 
=I. -Ls'ha 
December ae aed a ay ‘ Time of the ripening of certain berries,’ 


Both Upper and Lower Kootenays gave but twelve months. Possibly their 
reckoning has been changed by reason of white influence, or, perhaps, one month 
(January ?) may count for two. The word now used for month is xatd’nik (moon) ; 
. year’ is rendered by ma'k:dt; also by md/htét, translating the jargon expression 
“snow. 


The days of the week, introduced by the missionaries, are known as follows in 
Upper Kootenay :— 


Sunday, gokwé'tsin mé'yét. Thursday, (tia) ea'etsan mé'yét. 
Monday, (¢/a) o'hen mé' yet. Friday, (t/a) yé'hun mé'yét. 
Tuesday, (27) di mé'yét. Saturday, (1a) znmi'san mé'yét. 


Wednesday, (¢2@) g'a'tlsan mé'yét. 


Lower Kootenay names the same with substitutions d/ for ¢2, and -md'yét for 
— -mé'yet. 

The name for a clock is nata’nik (sun), and a watch is nata/nik na'na (little sun). 
Time of day is now expressed as follows :— 


one o'clock, gd'hwé nata'nik na'na. 

what o'clock? k’a'k:saé nata'nik na'na ? 

eleven o’clock, é@'towd'm tla d'hwé nata'nik na'na. 

half-past eleven, é'tawd'm tla o'hkné stlaka'iyaka'nd nata'nik na'na. 


ADJECTIVES, 


Adjectives usually precede the noun; the exceptions, such as the words for 
«male, female’ (not always), ‘small’ (the adjective na'na always), to this rule are 
few. The adjectives may be classed as follows :— 

1. Disjunctive adjectives, which cannot properly be regarded as mere affixes; as, 
kz'skd (male), na'na (small), k’d'pé (all), &c. Examples :— 


ad’ ntltsin kr' sho, dog. 

ea' Btltsin sto'kwatl, bitch. 
h’a'pé a&'mak, all the earth, 
ta'wd na’'na, revolver. 
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2. Those used with the verbals -né, -iné, -ka'né : 
si' hind ti'th'at, the man is good. 
wi'tlka'né, he is large, tall. 
si'qiné, he is fat. 
ni'siné gaa'qktlik, my foot is sore. 
yu’ naha'né tind'm%, there is plenty of grease. 
mwa'giné, i is thick. 
ni'titland'mné, he has many houses. 


3. Those used with the prefix gi- (gd-), and with or without a suffix :— 
goni'thha nasi/kwén, a big chief. 
gowi'tlha wu'takh, a big frog. 
gini'tlk tat, mule (lit. ‘ big-eared ’). 
guvo' konmi'tih, a long river. 
ginitik tlé, mountain sheep (lit. ‘ big horn ’). 


_ 


. Compound adjectives :— 
team na'na, few (cp. tsama'kétl, ‘ very’). 
k’pa'ktst na'na, thin. 
go ko na'na, short. 


or 


. Adjectival periphrases :— 
sa'nitli'né, angry (lit. ‘bad-hearted he is’). 
sa'nitigo'né, sick (lit. ‘ bad-bodied he is’). 


6. Adjectives of colour. These appear to be mostly compounds, and to contain 
a separable prefix, ka-, or kdm- (kdém-). Thus :— 


himni'gqtli, white. <A'gkiniqtli'tlam, white-headed eagle. Perhaps the radical is 
tlt (snow). 
ha'mk:oh-o'hotl, black. 
hamda' qtsé, yellow. 
haino'hos, red. Nand'sg'da'té, it is red; a’ ghitind'hos, star; hitnnii'stik, to paint the 
face. 
ha' atli'tyit’hd, green. 
7. Many adjectives are in constant use as nouns :— 
hi'mk oko hotl, negro. 
hino' hos, species of dragon-fly with reddish body. 
ke'shd, boy, horse, dog. 
stokwa'tl, girl, mare, bitch. 


DIMINUTIVES. 


As far as ascertained at present, diminutives proper do not appear to exist in 
Kootenay. Their place is taken— 


1. By special words :— 
agkto, a bear one year old. 
a qhinki'matl, calf. 
tlha'mii, little child. 


2. By nouns followed by the adjective na/na, small, young :— 


tla'utla, grizzly ; tla'utla na'na, little (young) grizzly. 
yak'tso'métl, canoe; yak:tso'méetl na'na, small model of a canoe. 
nau'té, woman; ndii'té nana, girl. 

tld, awl; tld na’'na, needle. 

guni'titlam na'na, little big-head (bird, spec. ?). 

Ko'mé (personal name) ; Ké'mé na'na, young K6'mo. 

gas na'na, the young of the fish called ipat ; pis na’na, kitten, &c. 


Although e@@'xtltsin na'na, and 2’a'tlaed'xtltsin na'na are in use, the ordinary 
word, both for ‘pup’ and for ‘ colt,’ appears to be tci'tz na'na, evidently a compound 
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th na'na. For ‘colt’ the word mi'stak-a'dla (in which ka'dla = horse) is colloquial 
ongst the young men of the Lower Kootenays. 
Diminutives form their plural and dual as nouns. 2g. :— 

nau'te na'na ki'stik, two girls. 

nau'té na'na ki'ntik, girls. 


NUMERALS. 

1, O'ké; 6’kwé. 24, a'iwdm tla Qa’Etsa. 

2, as; ds. 25, “a » ie”’ko. 

3, ka’tlsa; k-a’tlsa. 26. ~ » nimi'sa. 

4, Qa’'Etsa. 27, 3 » Wwista’tla. 

5, ié”ko. 28, a » WwoQa’'Etsa. 

6, enmi’sa. 29, + » kaiki'tiwo’. 
7, wista’tla ; wistii'tla. 30, katlsa’niwo. 

8, w0Qa’Etsa. 31, i tla o’kwé, 

9, k-aiki/tiwo’. 40, Qa’Etsa/niwo. 

10, @’tiw6o’ ; i/tiwod’. 41, % tla o/kwé. 
11, é/tiwo’ tla okwe. 50, iéko’niawo. 

12, eet sa AS: ple s _ tla o/kwé. 

13, Ss » ka'tlsa. 60, enmisa/niwo. 

14, a » Qa’Etsa. 61, 3 tla 0/kwé. 
15, =) » 1é€”k0. 70, wi'statla/niwo. 
16, a » Dm isa. Ze o4 tla 0/kwé. 
17, oe » wista’tla. 80, w0Qa/Etsa/niwo. 

18, “ » WOQa’Etsa. 81, 55 tla 6/kwé. 
19, 5 » kaiki'tiwo’. 90, k:aiki/tiwt/ntiwi. 

20, a'iwo; é@/tiwo’ tla é'tuwo’. 91, 53 tla 0’kwé. 
21, a'‘iwom tla 0’kwe. 100, gi'tiwi’niwt ; é'tawa’tli‘tiwi'- 
22, 5 » as. niwi’. 


110, # » e'tiwi’. 
120, op » aiwod. 
195, » kaiki/tiwi'ntiwim tla ié”ko. 


200, a’sitl(n)i'tawi/niwa. 
300, k-a’tlsa tlai'tiwt’/ntiwi. 
400, Qa’Rtsa tlei'‘tiwt’/niwit. 


500, ié’’ko B 
600, enmi’sa 53 
700, wista’tla “4 


800, w0Qa’Etsa is 
900, k-aiki'tiwo’ ,, 
1,000, ki/tiwi/niwitlei’tiwi'ntiwt ; é'tiwi’niwitlei’tiwt/niwn. 


In certain cases the letter »-, or g- (z-), is prefixed to the numerals; the reason 
for this is not known. Thus :— 


; gi'kwe nata'nik na'na, one o'clock. 

adtlad'ne agksa'hés ko'kwes, he carries one leg. 
ndsné ni piné, two are dead. 
né'timi'né ni'tlko, ten dollars. 


Regarding the numeral system of the Kootenays, the following remarks may be 
made. The words for three, fowr, sia, contain a sutix -sa (-sd@). Your and eight are 
clearly related, the latter being possibly the second four, In the decades a suffix 

_ wd (-wit) is found, which makes it appear that ‘twenty,’ d’iwd, is ‘two tens.’ 
4 This is confirmed by the fact that a word ai (ai) =‘ two’ does really exist, though 
i only in certain phrases and compositions. Hg. :— - 


bs MY , Be =a Shilpa aoa ° 
4 hiaima' kot, two years; nd/iman mitii' hind, there are two rivers, &c. 


__In certain locutions : two rivers running into each other, two trees, mountains, 
side by side; two sticks, and especially when speaking of two plates, cups, pails, 


Y 
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forks, boxes, &c., set one within the other, or of two pairs of breeches, two coats, 
hats, &c., worn one over the other, ai (di) is used. Examples :— 


na'iman miti'kiné. There are two rivers. 
s ha! Ené. By Nets} intias CSUICKSS 
6 itsela'Ené. By, eass aap HOLE CMs 
ha'iman kti'nan. Two teeth. 
na'imatli'hkiné. There are two tracks in the snow. 
na'imaned'mé. Two logs lying side by side. 


ORDINALS. 
The ordinal numerals are :— 
o'smik ; d'sméh, first. itlna'hak ; ha'iyaka'wosa'eé, third. 
haso'sa'tl, second. a'nitind'hak, fourth. 


These ordinals take the inflectional -s like adverbs. 

The words for ‘third’ and ‘fourth’ are closely related to itlka/hak, ‘far, at a 
distance.’ 

Above ‘ fourth,’ and sometimes for all above ‘ one,’ the cardinals are apparently in 
use, 


NUMERAL ADVERBS. 


no'he'né na!) 


. Zeman 7 j - Bez a'y3 04, ] 
a’hena’ f once ; nd'sné na, twice; k'dtlsa'né nd, three times, &e. 


In these words @ probably signifies ‘ here,’ ‘ now.’ 
Another series is :— 


gokwe'ndatl, once. ha'tlsaga'tlétl, thrice. 
gaska'tléetl, twice. od'etsaga'tlétl, four times, &c. 
Another :— 


ho'pak, the first time ; hand'pak, koai'pak, that one first (2). 
(tla) ka'sendatl, the second time. 
DISTRIBUTIVE NUMERALS. 
gok ki'ntik, one each. ka'tlsa ka'ntik, three each. 
gas ki'ntik, two each, ed'ntsa ka/ntik, four each, &c. 
PARTITIVE NUMERALS. 


haliyak a'wo ; tevkisn'hea, half. 
o'hé tletsrhisn'h'd, one and a half =d'hé tla ha'iyaha' wo. 


PERSONAL PRONOUNS. 


The disjunctive pronouns are :— 


ha'min, I, : ha'mina'tla, we. 
ni'nko, thou. ni'nko'nishé'tl, you. 
nt'nko'is, he, she. ninkoi'sis, they. 

né =he. 


The word for ‘he’ looks like a genitive of ni’nka, ‘ thou.’ 
These pronouns are used where the verb is not expressed, in answer to questions, 
&e. 5 @.g.:— 
ta’eas ni'nko ! you [have said] enough ! 
hike'né i'ntlak *o'smik ka'min. Says the chicken-hawk, ‘I [will go] first.’ 
Mats ha'min! Not 1! 


The pronoun 77, in the objective case form né‘is, is very frequently used as the 


— 
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_ object, or as the complementary object, of verbs, where the incorporated pronoun 


does not occur ; thus :— 


ipi'tlné né'is tla/utlis. He kills him the grizzly. 
ipi'tiné né'is na'eanés. He kills him the caribou. 


-The subject pronouns used with verbs are :— 


RD eI ho... natla'(né)=we. 
hin... né=thou. hin... niské'tiné=you. 
—... né=he. — ... né=they. 


It is interesting to note that, in the a and future tenses of the verb, the first 
personal pronoun seems to be gi- (Ri), e.g. : 


gitsaa'tlip, ‘I will kill’; ma/hiitstla'kétl, ‘I loved.’ 


The incorporative forms of the personal pronouns as objects have been given by 
Dr. Boas (‘ Report,’ 1889), and the examples given below in treating of the verb will 
suffice to illustrate their use. 


ADVERBS, 


The position of adverbs in the sentence varies, as the following examples show :— 
Pi'hihs i'piné ka'ma. Long ago my mother died. 
O'peané dii'nis na'eanés. He sees the caribou on the other side. 
Ta'aas teina'eé ni'tiném. He went off early in the morning. 
Kahé'né ski'nhiits : ‘0'smikka'min. Said the coyote: ‘I [will go] first.’ 
Khinmi'yit ni'tindm kaki'tiné ti'tinami'is ski'nkits. The next day early the 

coyote spoke to his wife. 

Kana’ é ski'nkiits o'sméks. The coyote goes first. 


Adverbs may or may not take the inflectional suffix -s, One can say, for example, 
pukak e'piné ka'ma or pi'haks t'piné kii'ma. The exact rule for the use of this suffix is 
not apparent. 


I. Time: tla'a, outside. 
eee 
Pé'kak or pi hak, long ago. ae eee Up 
ni niki'tiné, it is long since. CNC CRN ARE 


Bh Se tlé'né, across, on the other side. 
' b x La ’ 7 
ae aa sai kh:o'nan mi'tik, down stream. 
a' ghanmi'yit, always, every day. 


hanmi'yit, to-morrow. TY impenropations 


na' hasa'nméyi'thé, to-day. ha'a, where? 
wa'tlhwa, yesterday. Wa'ken, whither ? 
ni'tindm, early. has, where is? 
ae R’a'psi(n), what ? why ? 
Il. Repetition : Ra'h’sa(n), how much? how many 
tla, again. - Beat 
a ght, again, more. V. Affirmation, negation: 
i : wa' ed, no. 
III. Place, direction : méa'sts, no. 
na, here. a, yes, certainly. 
né, there. na'gh-an, perhaps. 


Adverbial offices are also performed by certain prefixes and suffixes, and by letters 
attached to the verb. These are discussed elsewhere. 


ITERATIVE ADVERB. 


The adverb ¢/@ is used with compound numerals and with verbs denoting repeated 
action, e.g. :— 
é'tind' tla o'kné, ‘eleven’ (lit. ‘ ten again one’). 
o'hetletseki'su'hk-a, ‘one and a half’ (lit. ‘ one again piece ’). 
tla/wané'né, ‘ it bobs up and down.’ 
tlawa' a, ‘he returns.’ 
tla'tcina'@é, ‘ he goes away again.’ 
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NEGATION. 


There are two disjunctive adverbs of negation, md’ nts (or mats) and wa'ed. The 
distinction between them seems to be this : wa/ad is equivalent to the English ‘no, not 
that; that is not right; don’t do that’; while md’zts is used with pronouns and verbs 
in the imperative, and also in cases where a contradiction and a correction is intended. 
Following are examples :— 


Ma'ts ka'min! Not 1! (é.e., someone else may do it). 

Ma'xts ithi'nin! Do not do it! 

Ma' ets klo'né, tlo'né. Not klo'né but tlo'né. 

Tein ni'tlhi ma'ets dgkikpo'd. The iron [barrel of the gun] not the'stock. 

Kiniwas ? wa'ad. Are youhungry? No. 

Kahé'né tla'utla : ‘wa'ed!’ Said the grizzly bear : ‘ Don’t do that!’ 

Kahé'né i'ntlak : §0'smik ka'min.’ Kaké'né shi'nkuts : ‘wa'ed. Said the chicken- 
hawk: ‘I [will go] first.’ Said the coyote: ‘ No.’ 


In conjugation and word formation the negative particles &:d, ‘not,’ and ¢lit, 
‘without,’ ‘deprived of, are employed. They are sometimes prefixes and at other 
times infixes. Examples :— 


K-ai'né si'nd. It is not beaver. ho'k:ai'hkiné. I do not eat. 
ho'k'ao'paané. I do not see. ho'kai'sinétla'né. It is not my house. 


hotli'ttawi'té. I have no gun. 

hotli'sté adqktca'matl. I have no knife. 

tli'ttlétl, blind (-tlétl = eyes). 

tl’ttlatli'tit, unmarried man (¢atli'tit = Married man). 
tlittsn'm@ ha’ né, it is light (tsz'maka’né =it is strong). 


The radical tit is seen in ¢li’thnum ‘ worthless.’ 

There is still another particle, t/a (probably =‘ none left’) used as follows :— 
tlo'né ni'tlko. There is no money. tlo'né h’a'psin. Nothing. 

tlo’né. Thereisno.... tlo k’d'psin. Nothing. 

tlo'st, ” » 


CoNJUNCTIONS. 


Few conjunctions have as yet been determined. The equivalents of some English 
conjunctions are :— 


A'gkt, and, more. Ka’min a'qki ni'nkd. I and you. A'gkt ni’nkd. You too. ‘And’ 
in the numerals is expressed by t/a ; étu/watlao'kavé (ten and one), eleven. 

Kai'psin, why. K-do'peané h’ti'psin tsi'tlép. He does not know why she is dead. 

Pa'tik, because. Pa'tlhk’si/tlép. Because he was dead. 

Na'pét, if. Na'pét hintsi'ndm. Tf you go. 


INTERJECTIONS. 


But little was learnt regarding these words. A few are real interjections; the 
rest are parts of speech used interjectionally. 


ha'z ! ha/z=aha! (expression of surprise.) 

a4/=Get out of the way (used to dogs). For human beings ¢la'ni / (go away !) 
is employed. 

wha hé't! Ah, that is good! I like that. 

ha'it! That is not good! I don’t like that. 

ha't yi! Hallo! That's strange ! 

yoho! Hurry up! (from English ?) 

mE kik! Hold on! Not so fast ! 

Ta'eas! Stop! Enough ! 


VERBS. 
THE VERB ‘To BE.’ 


The duties of the substantive verb appear to be performed to some extent by 
tné, -iné (-ne). Thus :— : 
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Honi'né Ki'tina'ea =I am a Kootenay. 

Raké'né * honi'né shi'nkits’ =he says ‘1am the coyote.’ 

T'né si'na aghd'tatls = it is beaver-grease. 

Ni'né stiya'pt =he is a white man. 

Taka inst skhi'nhits ti'tlnamd'is gi! stét =the coyote is not the wife of the trout. 
Ni'nsi ti'tinamd'is gw stét =it is the wife of the trout. 


Often no verb or suffix is employed, as ka' min shi'nkiits =I am the coyote. 
This 2né, -iné (-n@) seems to be the same as the suffix -iné, -né, -n2, found in adjec- 
tives and some intransitive verbs, ¢.g. :— 


suki'ni =it is good. i'piné =he is dead. 
si'gint =it is fat. wa'giné =it is thick. 


THE VERB ‘TO HAVE.’ 


The verb ‘have’ appears in some cases to be expressed by the suffix -¢# :— 


ho'i@ho'té h’a'tlaea' utlisin =I have five horses. 
ho'nask a'tlté =1 have two children. 

hona'té adqko'tatls =1 have an axe. 

ho'yuna'té nii'mos =1 have many beads. 
hotli/tanwté = I have no gun. 


: Past TENSE. 


The tense-sign for past time ismd-. The following examples will serve to indicate: 
its use :— 
ma! kiitstla' kétl=1 loved him. miakz'ép =he died. 
mi! koo'peanis =1 saw you. maktsékutl =he drank. 


FUTURE TENSE. 
The future tense-sign is eatl :— 


ha'tseatli'kiné =I shall eat. tsea/tleona' eé =it will go. 
hi tsqatli'pitl =1 shall kill. hotsea'tli'né =I shall be ... . 
tseatie' pitl = he will kill. gu' tseatlhka' kétl=1 shall tell... 


hitsea'tléku'tlné =1 shall drink. 


The desiderative coincides with the future :— 


tsea'tlana' eé = he wants to hunt. ho'tseatli'kiné =I want to eat. 
; hintsaa' tlék = do you want to eat ? Rtsa'tli'tea = he wants to bite. 
IMPERATIVE. 


In this mood, as is the case in many languages, the radical of the verb is easily 
seen. The following examples will sufiice :— 


i'ké(n) = eat thou ! piski’nd =let go | 

bmo'hén = get up ! teéka'té = look ! 

teeka'tén = take care! ha! mati ktct = give ! 
sha' kin = give me ! tla i'teand =bite me again ! 
ithi/nin = do it! isd/kinon =sit down | 

mats oni'tlin = don’t be afraid ! wkétl=eat ye ! 

h’kd'mné(2) =sleep thou ! nii'pkétl=sleep ye ! 

tla'ne = come ! h:omné'kétl=sleep ye ! 
tli'nd = go away ! tsina' kétl =hurry up ! 


There appear to be several endings for the imperative, but the chief. are -2,-én, -0 
for the singular, and -é¢7 for the plural. 
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The interrogative form of the verb is made up of the particle kim (you) and the 
radical of the verb, with tense-signs :— 


hinthk ? =do you eat ? 

hintsea'tlék ? =do you want to eat? Will you eat? 
hinka'tlit ?=do you think ? 

hin a howitl ? = do you dance ? 

hin @'tla ? = do you ery? 

hintsi'tea' nap ? = would you bite me? 

hin t'né Ki'tond'ea ? =are you a Kootenay? 


The inflection of the voice, as in English, indicates that a question is being asked, 
thus :— 
a'né si'na agh'o'tatls ? =is it beaver-grease ? 
ané Pol a'qkitla'is ?=is it Paul’s house? 


NEGATIVE. 


With verbs in the imperative the negative mdts is used :— 


mats ithi'nin !=don’t do that ! 
mats i'hét?=don’t eat ! 


The particle #'a is prefixed to the third person of the verb in the indicative mood, 
and inserted between the personal pronoun and verb in the other persons. Thus :-— 
ka wné si'ndé =it is not beaver. 
ka o'peané ski'nkiits =he does not see the coyote. 
ha taga"né =it is not raining much, 
aol 


ho'k:ao'peané =I do not see. 
hok;a'wased'mék =1 do not sing. 


INCORPORATION OF OBJECT. 


A peculiarity of Kootenay is the incorporation of noun-objects in the verb, thus :— 
hotstli'tsh atleo'né = 1 take the bark off a tree (bark = dghitsk-a'tl). 
go'tstkwa' tlamki'nmék = 1 smooth down my hair with my hands (aqgk-d'tlam =hair). 
ha'h:amiti'matl = to cut open the belly (agho'wvam = belly). 
tli k:tsatla'iné = he cuts off end of nose (a@'ghinihk:tsa'tla = end of nose). 
gowa'ntlik=I move my foot about (a'ghtlik = foot). 
na'tltilamki'né =he takes [carries] the head in his hand. 
nink o'tlamki'né = he shakes the head in his hand. 


Following are examples of the incorporation of the object pronoun in the verb :— 
hotst' taani'siné =1 bite you (hd-ts-itea-n-is-i-né@). Radical is z'tea, ‘ bite.’ 
I bite you 
hi'ntseatlho'tlpatina'piné =you will honour me (hin-ts-qatl-tlpatl-n-ap-i-né) 
you hear me 
Radical is hotlpati, ‘hear.’ 
tsqa'tlipitli' siné =he will kill you (¢s-adtl-ipitl-is-i-né). Radical is ipitl, ‘ kill.’ 
kill you 
hotseatlh a'ntlatli'siné =1 will strike you (hd-ts-eatl-k:antlatl-is-i-né). Radical is 
I strike you 
k:antlatl, ‘ strike.’ 
ni peand'piné = he sees me (2-tipea-n-ap-i-né). Radical is w'pea, ‘see.’ 
see me 
hini'poand'piné = thou seest me (hin-tipea-n-ap-i-nz). Radical is %'pea, ‘see.’ 
you see me 
honii'poani' siné =I see thee (hd-n-tipea-n-is-i-né). Radical is i'paa, ‘see.’ 
IT see you 
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tsoa'tlitea'nawa'siné=he is going to bite us (¢s-qdtl-itea-n-dwas-i-né). Radical 
bite us 
i'tea, ‘bite.’ 


tsoa' tlic! kwati'sing=he is going to get you (¢s-edtl-tewkwat-is-t-né). Radical 
get you 
tet kwat, ‘get.’ 


PREFIXES. 


The prefixes 2- and g- (z-), perhaps the same as those appearing in the numerals, 
are found with certain forms of the verb. In others they do not appear. Their 
signification is not known. The following examples will illustrate their use :— 


Pi! kaks i'piné ka'ma. Long ago my mother died. 

Ta! eas n-i' sné n-i'piné tla'utlas. Two grizzly bears died. 
Shi'nkits ipi'tiné né'is k'u'pis. The coyote kills him the owl. 
Kakz'né honipi'tiné hit'pt. He says [said] ‘I kill [killed] the owl.’ 


'This n- appears in the third person singular of very many verbs, and also in the 
first person singular. Examples of the prefix k- (y-) as compared with »-, and the 
verb without prefix are— 


g-o'ki sk'Omd, month of July (lit. ‘ when the service-berries ripen ’). 
n-ohi'iné aqgko' oktlé2'ct, the berries are ripe. 

gutla'htlé, old (senex). 

nitla' kin@, he is old, an old man. 

hi'treni’ stik, to paint the face. 

honi'trni' stik, I paint my face. 

na'una'né, he barks. 

ho'wé shi'nkits, the coyote barks. 


Other prefixes are s-, k-, y-, as exemplified in the following :— 


hank-a'méh shinkits, the coyote sits on his haunches. 

yank:a'mén, sit down ! 

ho'tsank'a' méh, I sit down. 

ha'usaka'né i'ntlak agki ti'tInamo'is, the chicken-hawk and his wife are there. 
sa'usaka'né tla'atla, the grizzly is there. 


OTHER MOODS. 


Regarding other moods little can be said at present until the analysis of the 
language has progressed further. The following examples, however, may be given :— 


Ka'tlia'né Btsoatli'pitl ski'nkits. He thinks to kill the coyote. 

Ka'tlia'né tsoatli'pitla'ps. He thinks to kill me. 

Flasa’ hitlha' hint ni’ hok-a'ép. 1am very glad that I am not dead. 

K-a' opeané krii'psins tsi'tlép. He does not see why he is dead. 

Kitlii'ne hotli' himetl agh aktl7' tlés ski'nhiits patth’si'tlep. He thinks : I will eat the 
eyes of the coyote because he is dead. 

Ka'tlii'né hé'éps. He thinks she is dead. 


An infinitive or perhaps a participial form in -s? [-s?] seems to be indicated in 
the following :— ‘ 
Hotlpa'tine h’ai'pis tatlo'hst tla'ne. 1 hear the owl saying ‘ come.’ 
Kana! oe a qhitina'his, nii'peané tlha'miis ni'kst G'maks. A star comes along [and] 
sees a child eating dirt. 
O'peané shia'si tla'wtlas. He sees the grizzly bear coming. 
O'paané ni'tltsiks ska'sé. He sees the buffalo bull coming. 
O'peané tlapshi' sé papa'is. He sees his grandmother coming. 


Occasionally a form in -siz occurs :— 


O'peané ska’ sin k'a'ghins. We sees the wolf coming. 
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These forms in -s? [-s?] may, however, be dependent forms of the indicative. 
The following show another verbal form :— 


Kake'né k-a'psin gotlée' thin. 
K-ao'peané k:a'psins tli'thin. 


He says: what shall I do? 
He does not see (know) what to do. 


Following are examples of the verb in the most indefinite form, corresponding 
perhaps to a verbal noun or an infinitive :— 


ko'netl, to fear, fearing. 

hik@tl, to eat, eating. 

ga'htseatl, to chew, chewing, 

gatla' seatl, to chop, chopping. 
hith:a'skatl, to cut with shears, cutting. 
hithin, to do, doing. 

hiti'h?tsatl, to tie, tying. 

githa' eatl, to twist, twisting. 

ha' honi'tindm, to dance, dancing. 
ga'tlina'tsindm, to gamble, gambling. 
ga'tlh até'indm, to gather berries, gathering. 
h’k-omné'nam, to sleep, sleeping. 
k:a'inadm, to steal, stealing. 

giyt' ktama'tindm, to upset a canoe, upsetting 
tsea'nam, to say, saying. 
hatlé'teaté'yam, to dream, dreaming. 
gana'k’né'yam, to sit, sitting. 
ga'kktcé'yam, to bathe, bathing. 
git'tski' yam, to lie, lying. 

ga' qhotlé'ydm, to sell, selling. 
mi'tik’ki'mék, to holloa, holloaing. 


EXAMPLES OF VERB-COMPOSITION. 


Radical @, ‘to rub, to paint,’ 


” 


bed 


a, ‘to come, to go.’ 


atl, ‘to carry.’ 


atlas, ‘to separate.’ 


ip, ‘dead, to die.’ 


it, ‘to do, to make.’ 


Derivatives: yii'd ki'né, he rubs on (yii-, on, 
-hin, with hand). 

wa'eé, he comes. 

tlawa’eé, he returns. 

sha'aé, he comes. 

ska' st, coming. 

hana'aé, he goes along. 

tcina'eé, he goes away. 

tla'tcina’eé, he goes off again. 

ha'uqua' eé, he starts after. 

natleo'né, ‘he carries on his 
back’ (n-, prefix, -@d', ‘on 
back’). 


natlhi'né, ‘he carries in his _ 


hand’ (-kin, ‘with the 
hand’). 

hond'tlasé'7ed'mék, ‘I cut 
stone.’ 

ga'tlaski'nitl, ‘to tear apart.’ 

ni'piné, ‘he is dead,’ 

ipi'tiné, ‘he kills’ (-¢/ tran-+ 
sitive suffix). , 

ipt'kiné, ‘he is drowned’ 
(=‘to die in the water,’ 
-tik=in water). 

hithin, ‘to make’ (-kin, ‘ with 
the hand’). 

nithi'né, ‘he makes, does.’ 

i'teané, ‘he bites’ (=‘he does 
with the teeth,’ -ea, ‘ with 
teeth’). 


ke le i i a 
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nitad'mék, ‘he lies down’ (n-, 
prefix, -@d, ‘ with the back,’ 
-mék, verbal suffix). 

gi' tent stik, ‘to paint the face’ 
[red] (g-, prefix, -niis, red, 
-tik, suffix). 

hith'a'skatl, ‘to cut with 
shears’ #-, prefix, -2°a, ‘ with 
shears ’). 

- hont'thinma'tiné, ‘T help’ (‘I 
do with the hand along 
with,’ -matl, ‘along with, 

d ; together ’). 
. Radical #’2, ‘to speak.’ Derivatives : kak’é'né,‘he says’(ka-, prefix). 
hike'tiné, he saysto ‘ address’ 
(-tl = transitive suffix). 
gitski'yaim, ‘to lie’ (g-, pre- 
fix, -uits (meaning ?), -yam, 
verbal suffix). 


SS d'pea, ‘ to see.’ 3 d'paama'tiné, ‘he finds’ ( = ‘he 
sees together,’ -matl, 
together). 

5 tléts, ‘ to lie on bed, to sleep.’ 5 shiktlé'tsiné, ‘he is sleepy.’ 


hatle'tsaté'ydm, ‘to dream.’ 


It will be observed that many of the radicals, e.g.,z (to be), @ (to rub), a (to go), 
ip (to die), it (to do), k’é (to speak), are monosyllabic, and it is possible that many of 
the other and dissyllabic radicals, such as 6'pea (to see), dtlpati (to hear), dmdts (to 
laugh), dwdk (to rise), dnitl (to be afraid), dmits (to break), dwas (to be hungry), d/% 
(to be ripe), dt@ (to be warm), dtlig (to be tired), dmas (to be dry), &c., may be com- 
pounds. The occurrence of the d- in so many of these radicals is worth notice. 

As will be seen from the following list, the suffixes which express the idea of per- 
forming an action witha certain portion of the body have nothing etymologically to 
do with the name of that member :— 


Back = aqktla'kenam. To do with the back = -g@. 

Hand = aghé'tnam. To do with the hand =-hin. 

Teeth = d'gh’ana' nam. To do with the teeth = -ea. 

PREFIXES. 
ai- two a'ind, twenty; n-ai-man miti'hiné, 
there are two rivers. 

ati- in terms of relationship dgka'tlé, son; a'tlagka'tlé, grandson. 
g-, k-, k’- in verbs, numerals, &c. hi'thin, to do; kko'mné, sleep! 


Rteitlmi'yct, night; ho'kwé; gis- 
ma'tiné, two together. 


ha- pronominal hina'aé, he goes; kahé'né, he says; 
ha'tlit'né, he thinks ; handhes, red. 

héim- in colour-names hiimni'gtlo, white; kd'mk-ok:d' hati, 
black. 

hea- negative h-davi' nzhi'tst, not very far. 

ia. \ in certain verbs and nouns hiyti' hnict, day ; ki'toktli'tlea'tl, paper. 


kia'wats, fool-hen; gia'kgd, fish; 

- giani'hkgd, mountain-goat ; gia’ tla, 

- SHPeRenAl ‘vistnes swallow 5 gi'anugtli'm'nd, rabbit ; 
Gia- gi dni'k-tlé, rhinoceros (word ap- 


hia- plied to rhinoceros seen in an en- 
graving). 
hin- interrogative particle hinch, are you eating? kintseda' ték, do 


you want to eat ? 
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PREFIXES—continued. 


hi- with certain parts of verbs 
} with adjectives and verbs 


qya- } two together, junction (?) 


hip, dead; k2ék, eaten. 
gini'tlha, large; gini'tlhk-tlé, big horn 
sheep; gudtla'skin, to break in two 
with the hand. 
gya'khaéma' nam, junction of two 
trails; kya'ninmi'tik, two branches 
ofa river, round an island. 


itl- 2 itlha' hak, very far; a'ghitino' hos, star. 

nii- demonstrative na-t'té, woman; ndsii'kwén, chief ; 
nitho'sin méyi'thé, to-day; ndta'ea, 
now. 

N- with certain numerals and verbs’ nd/knZ, one; ni'piné, he is dead; 
ni'kiné, he eats; nipi'tiné, he kills; 
na'sné, there are two. 

shik- demonstrative shi'h’ hk eni'hsé, there is a lake; skik’- 


tcrem- 
tsam- 


tla- again 

tlit- privative, negative 
tlo- negative 

witl- large 

oa. on, on top of, up 
yund- many 


nit'k’st, there is a stone ; skiktlé'tsiné, 
he is sleeping. 


termna'na, few; tsama'hétl, very. 


tlana'eé, it returns; ai'wotlaiznmi'sa, 
twenty-six. 
tli'thuem, vain, worthless; ¢littlétl, 
blind ; ¢littlo'kwa, dumb, speechless. 
tlo'né k'a'psin, there is nothing; 
tlok’d' psin, nothing. 
nitlha'né, it is large; gini'tlhagia'kgo, 
whale; hd'witlki'n?, I shout; 
wi' tlit'tind, far ; wi'tltliti'tiné, rich. 
yu' aki'né, he rubs on; ydeua'eé, he 
climbs to the top; hd'tsytieta'h’- 
ni'né, I climb the mountain; 
yu'tsiki'n, to press the hand upon 
anything. 
yu'naka'né, there are many; yt'ndn- 
miti'kiné, there are many rivers; 
hoyt! nahé'k'namd'ené, | have many 
friends ; yi'nakh’d' psin, many things. 


THE PREFIX dq-. 


The most characteristic prefix of the Kootenay language is the noun-prefix dq-, 
the signification of which I have as yet been unable to decide. In some cases it is 
omitted, and even in giving the most indefinite form some of the Indians did not use 


it in certain words, e.g. :— 


na'tlona'henam, tongue. 


The following list of composition with dqg- will indicate the manner of its use 
generally, and may suggest possible explanations of its proper functions :— 


dqk, arrow. 

a'qké, again, and. 
agka'tl, cloud. 
agkd'mé, gopher’s hole. 
agka'wo, cord. 
ayktca'matl, knife 
aqk at, tail. 

aqk a'tlé, son. 
aqki' sik, shore. 
aqgkam, white pine. 
aqko, spider’s web. 


aykoa' tlowok, birch tree. 


agka'n, handle. 
agka'nak, ankle. 


dqke', thwarts of canoe. 
agka'tsko, gun-flint. 

aqgko' watl, wild onion. 
agktlom, bat. 

aqgki'tla, pipe-stem. 
aghki'tlak, meat, flesh. 

agktli, snow. 

aq tu'tlim, eel. 

agktlo'mik, cotton-wood tree. 
agké'i, hand, 

dqk-tin, nose. 

adqgha'nko, smoke-hole of lodge, 
agktsak, leggings. 


a 
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dgho' ho, raspberry. 
agka'mind, creek. 

aqko, pointed ends of canoe. 
agktd, one-year-old bear. 
agktlak, back. 

@ ghinmi'tih, river. 

a' qhink:o' kro, fire. 

G' ghini' tlim, snake. 

a' gkinké' mak, dragon-fly. 
a'ghink’a'tl, forehead. 

@' ghingd' motl, button. 
aghi'nnded'niik, creek. 

@' ghini' kmah’, fish-spear. 
a qhini' ktlé'ét, prairie. 


a'qkint' ktlik, Kicking Horse River. 


a' gqhkinko'tl, sand. 

agqki'nko, forked stick. 

a' qhinkani' qtlam, crown of head. 
a' qkini' gma’ ena, tail of bird. 
a' qkitlt'yam, name. 

a' gkitla'ndm, house. 

a ghtyé'nik, thigh. 

aqki'tinz, heart. 

a' gkitlmé'yit, sky. 

a' qkitind' hos, star. 

a' qhitimak’, peach. 

agko' mom, belly. 

agko' ktlako'wom, cricket. 
aghoko' wom, house-fly. 

a' ghotla' ki, bag. 

agko' woktlé' ét, mountain. 
aghko' ktla' ea, beard. 

aqk'o'k’ nniih, lake. 

aghi'ts, lodge-pole. 
aghkitsh-a'indm, fingers. 
aqhkitsk’a'tlak, branch of tree. 
a ghitsk-a'tl, bark. 

@' ghitstla'in, tree. 


aqgko' pati, maize. 


a qkinni'tleatl, powder. 

a' ghkinni'matl, quills. 

a' qkinko' mati, calf (vitulus). 
a' gkinko' wa, wings. 

a ghkini'k-tlé, tomahawk. 

a' qkint' kaytik, flower. 

a' gkinnaked' ako, pitch. 

a' qhink’o'matl, cradle. 


agkitla' ktcti, cord. 
aqgkimii' a0, garden. 
aqkiyi' kwa, head-dress, hat. 


a' qkowi'tsko, buckle. 

a' qkota'tl, grease, fat. 
a'qko'k-tlé, horns. 

a qkoktla' wo, fishing-line. 
@' qko'tatl, axe. 

a' qko' k'omd'k'd, ashes. 

a' ghitska' hitl, soot. 


The above list of words is not arranged according to any known principle, but 
merely to illustrate the variety of compositions with dq- in Kootenay. 
It is evident that -zk, -ké-, -hin-, -kd-, -hits-, -(h)itl-, &c., are qualifying affixes, 


but at present it is impossible to state with certainty their several meanings. In 
the last group of words in the first column there is the idea of ‘tree, branch,’ at the 
bottom of most of them, and in the case of ‘star’ and ‘ sky’ a correlation is certain. 
But of the rest of the list nothing can be stated with certainty. 

However, d/ghini'tlam, ‘ snake,’ and dghu'tlam, ‘ eel,’ seem related, as perhaps are 
also the words for ‘ belly,’ ‘ cricket,’ ‘ fly.’ 

It might be mentioned that several words have more than one form, thus :— 


tree=d' ghitstla'in ; a'ghinitstla'in. 
head = dgktlaim ; agko'tlam. 

cloud =dgk atl; a'ghink a'tlak. 
sand=4a'gkinko'tl ; a'qkinkoko'ti. 
name =@'ghitli'ydm ; a'gkotle'yam. 


On another occasion the writer may be able to further discuss this interesting 
feature of the Kootenay language. 


SUFFIXES. 
atl suffix in plant names aghko'-atl, onion; tdn-a'tl, rush. 
-ats suffix in animal names g o'tsats, chipmunk ; ?’a’kdts, squirrel ; gia'- 


nats, ‘ fool-hen.’ 
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-ét 
-it 

-g ak 
-k- ak 
-k 
-ha 


-hahak 
-hii'ntik 


-kin 


-hi'ntik 
-ki' stik 
-ht 


-Q0 


-Qa(n) 
-matl 


-mék 
-mik 


-mé'yét 
-mé'yit 
-mi'yit 
-motl 
-na' hak 
-ne 
-nam 
-nam 
-nik 
-ni'ntik 
“SQ, -sd 
2S? 

-tl 
-tlé'ét 
-tl7k 


-tuik 
-ok 


-wok 
-yam 


\ 
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SUFFIXES—continued. 


suffix in names of objects of 
nature, and atmospheric 
phenomena 

suffix in names of parts of 
body 

suffix in animal names 


} 


with adjectives and verbs 


with certain adverbs 

suffix of distributive in nu- 
merals and substantives 

with hand or foot 


suffix of collective 
suffix of dual 
in certain nouns 


on, with, the back 


with the teeth 
together 


} verbal suffix 


spheric phenomena, names 
) of days, &c. 


suffix with names of imple- 
ments, instruments, &c. 

in certain adverbs and nu- 
meral adjectives 

suffix with predicate adjec- 
tives and verbs 


suffix of generality with nouns 

suffix of infinitive(?) with 
certain verbs 

dwelling at 

suffix of plural 

suffix of certain numerals 

suffix of infinitive or parti- 
ciple (?) 

suffix of certain transitive 
verbs 

extent of country (?) 


in certain bird names 
} in the water; water 


woody substance, shrub, tree 
suffix of infinitive (?) in cer- 
tain verbs 


natlkwa'ét, evening ; kanmé'yét, to-morrow ; 
aqko'wogtlé'ét, mountain; a'ghkiniigtlé'ét, 
prairie. 

agqké'tg ak, foot of bird; aghd'yih’a'h, wrist ; 
agko'tik' wk, neck. 

ntctk, mouse ; ma'iyik, weasel ; wa'tak, frog ; 
R’u'pok, woodpecker ; ko'knok, swan. 

nitlka'né, he is tall, big; ka'usaka'né, he 
abides ; yu'nohka'né, many. 

itlha' hak, very far; koitiha' hak, far from here. 

no'hwéhi'ntik, one stone each; kaska'ntik, 
two each. 

yu'a'ki'n, to paint; atlkin, to carry in the 
hand ; yii'tstki'n to press the hand or foot 
on anything. 

pa'tlkéeki'ntik, several women. 

pa'tlkehki'stik, two women. 

ya' hasinki'nawa' ski, God ; na'hosa'nméeye' thi, 
to-day. 

natled'né, he carries on his back; nited'mék 
lie down. 

i'taané, he bites. 

asma'tiné, two together; k’tsama'tiné, along 
with, together. 


ited'mék, to lie down. 


etn eames of. atin &' ghitlme' yet, sky; Rteitlmé'yét, night ; 


| 


hinmé'yét, to-morrow; ki'tenii'sitlmé'yét, 
red sky at sundown; hoki'tcinmé'yét, 
Sunday. , 

hi'tenii' sté'motl, mirror; adgkté'mdtl, fire-flint ; 
gani'nkomo'tl, broom. 

itina'hak, fourth; itlna'haks, next. 


noni'tiné, he is afraid; i’teané, he bites; 
natled'né, he carries on his back; ni'piné, 
he is dead; witika'né, it is big. 
agkitla'ndm, a house, somebody's house. 
tsea'ndm, to speak. 


aqk’a'mnik, Indians of Fort Steele. 
pa'tiké, woman; pa'tlkéni'ntik, women. 
k:a'tlsa, three; ea'ztsa, four; nmi'sa, six. 
ska’ st, coming. 


Upiné, he dies ; ipi'tiné, he kills him. 
DP p 


namtlé'et, echo;  dqkini'gtle'ét, prairie; 
agko'woktlé'ét, mountain ; go'nitltlée'ét, far. 

haot'tlv’k, goose; gaspi'tlvk, crane. 

tlikok, March (water left); ipu'hiné, he 
drowns (dies in the water); tabi'ksé, get 
under water; a'ghinmi'tik, river; dgko'- 
k-enth, lake; giya'kok, water falling over 
stones. 

agkoa' tl’ wok, birch tree. 

giutski'ydm to lie. 


SUFFIX -mdtl. 


The suffix -mdt/ is a very important one, and is combined with other particles, 
which have the function of further specialising the instrument. The following list 
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be given at present without an exact knowledge of the import of these other 
affixes :— 
with -¢é-: dgkté'motl, fire-flint. 
hi'teni' sté'motl, mirror. 
gi'tumd'titliphi'pteétée'motl, yeast. 
with -k-d-: gi'tiktlitlha'motl, pen, pencil. 
ga' kiqimak'a'motl, weighing-scales. 
kpitsk'a'motl, scythe. 
hika' wok'a'motl, tobacco-cutter. 
with -k:0-: gat’t'h-a'motl, key of metal. 
gana'nk-omo'tl, broom. 
k'tcoktla'ink:o'motl, auger. 
hithé' thvitchk:o'motl, nail. 
with -ad-: kita kopeo'matl, stick for beating on log. 
hita'mdad'motl, drumstick. 
gita'ktlited'moti, branding-iron. 
with -né-: hi'teuko'né'motl, fork. 
hi' tis kwakiné'motl, handkerchief, 
hik’tii' hkone'motl, soap. 
hika'hkonéedné'motl, towel. 
with -ti'te- : gopho'watliko'nate'timotl, broom. 
hinka'tlmokmati'temotl, candle. 
hami'teatlti'temotl, hammer of gun. 
Rtce' iha'tltliti' temotl, map. 
githa'titlhiti'temotl, scissors. 


The following list of derivatives from one radical will serve to show the power of 
word-formation which the language possesses, and the distinction which it is able to 
make between somewhat similar objects, while considering them all at bottom from 
the same fundamental root :— 


From radical k’tcok or k’tstik, to pierce : 
auger, h’tcohktla'ink'd'motl. 
borer, h’tso'hotl. 
fork, h’teu' ko'né' mot. 
sword, k’tsii'hoté'yatl. 


P DIALECTIC DIFFERENCES. 

It can scarcely be said that there are two well-marked Kootenay ‘dialects.’ 
Considered in the light of the fact that the entire grammar of the two tribes is the 
same, such differences as do exist between the speech of the Upper and that of the 
Lower Kootenays might better be termed ‘ provincialisms.’ © 

The peculiarities of the Lower Kootenay language as compared with the Upper 
_ Kootenay are as follows :— 

I. Phonetics —The Lower Kootenays speak more rapidly and have a tendency to 
syncopate words, which retain a purer form amongst the Upper Kootenays. This is 
seen in the words for coat, leggings, skunk. In some cases monosyllables with long 
vowels are produced by the contraction of dissyllables, ¢.7., <@s=ta'eas (enough). 
_ Certain vowel-substitutions are made. Thus, in all the Lower Kootenay words in 
which the suffix -mé'yit\of the Upper Kootenay appears, it is uniformly pronounced 
-moyit or -mii'yit. This -ma'yit is, however, occasionally heard amongst the Upper 
Kootenays. Another case of vowel difference is Upper Kootenay dpd/t= Lower 
Kootenay ipa't (white fish). 

The ¢Z (explosive 7) of the Upper Kootenays is represented always in Lower 
Kootenay by di (palatal-dorso-apical ; see ‘ Report,’ 1889, p. 802). Thus :— 


Upper Kootenay. Lower Kootenay. English. 
‘ tlé'né dlé'né across 
oni'tlné oni! diné afraid (he is) 
go' tina go' dina apple 
agko'tlak agk-o' dlak beef 
misé'yatl nisé' yadl sweat-house 
RR 2 
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When the Lower Kootenay half-breeds speak Indian, they tend to make this dla 
simple 7. English half-breeds of the Upper Kootenay tend to make it Al, as do most 
Europeans trying to speak Kootenay. 

Il. Gramma7.—The grammatical differences are few indeed. The persistence of 
the suffix -ndm in titk’a'tendm (man) and padiké'nam (woman) is worthy of note. 
The suffixes -taiya in edstaiya (skunk), and -nak in mitski'kenak do not appear in 
these words in Upper Kootenay. In Upper Kootenay ‘to do’ is hithi'nitl, in Lower 
Kootenay iti'dimadiki'nidl, and the insertion of -id/mdadi- continues throughout the 
conjugation of this verb in Lower Kootenay speech. 

III. Vocabulary.—Some difference is caused by names of things which are not 
found in the Upper Kootenay region, trees, birds, and the like. There are, however, 
a number of words, ¢.9., blanket, fish, glove, goose, mallard, many, partridge, plate, sit 
down, silk, sleep, swallow, which in Upper and Lower Kootenay are derived from two 


distinct roots, having no relation whatever to each other. Thus :— 

English Lower Kootenay Root Upper Kootenay Root 
blanket (my) gadla'madl dlam gac't cit. 
fish ap ap guaghd 2 
glove pa' dlya 2 aghka'tl 2 
great nodla'né no' dl- witlha' né mitl- 
many maiye' née maiye- yt noha né yu'nd- 


There are other differences caused by syncopation of words, as notedabove. The 
cause of the differences between the speech of the Upper and that of the Lower 
Kootenays has not been explained. The writer believes this to be the first scientific 


record of them. The following word-list will be of interest :— 


English 
always 
bacon 
bird 
bird (species ?) 
bird (species ?) 
blanket (my) 
blanket-leggings (my) 
climb (to—a tree) 
coat (my) 
creek (rivulus) 
day-after-to-morrow 
evening-red 
few 
fish 
flap of tent 
glove (of buckskin) 
go away ! 
goose (wild, spec. 7) 
great (it is—) 
grouse (ruffed) 
hen 
horse 
kneel (to) 
make (to) 

I make 

mallard (duck) 
man 
many, plenty 
maple 
midnight 
moon 
morning (it is—) 
move (to) 
night 
plate (of tin) 
quick ! 


Upper Kootenay 
a' ghanmé'yit 
hyt' nik tsa'tla (i.e., pig) 
ta' hutsha'mené 
tei'kemda'tlho'enka' 2k 
yu hets'na 
ga cit 
ga-ki'tehtli' kna 
go'waha' keno 
9a-ha' tii mtlazt 
a qhinnded' nik 
tlo'niihanmé' yit 
hi'teni' sitlmi' yit 
teu'hina'na 
gia' hqo 
giatlaga'neona'tl 
agha'tl 
hi'ntsnaké'tl 
haigi' tla’ k 
witlha'né 
Ca'nk its 
gutska' k’minnii k'ma! ena 
Ra' tlaga' etltsin 
goa'nkink a'mik 
hithi'nitl 
ho'nithi'né 
ha nk-tishné'thak 
titk'at 
yu! noka'né 
mitskik 
ha! iyah a wok teitlmi' yit 
Rtcitlmi' yitnata' nik 
ha'nméyi'tiné 
tlo'nko 
Rtcitlmi'yit 
gowii' mies 
tsina'kén 


Lower Kootenay 
a' ghinmdo'yit. 
aqk’o'ta'dl. 
tsinmi' né. 
teih’ho'dlko' enka' sk. 
yi' hets'nano'gdlo (whitey). 
ga-dla'madl. 
ga'-hidli' kna. 
gowa' anu'kpom. 
ga-k’wii'mdlart. 
aghka' mind. 
dlo' niikinmd' yit. 
hi'tenti' sidlmo'yit. 
ptca'kina'na, 
ap. 
gihat ma'neina' dl. 
pa'dlya. 
hintsna' kanté'tkédl. 
mi' kak. 
nodla'né. 
tapi' sad. 
gakali' dlini' k’'ma! Eng 
gidlh'a'dlaed' rdltsin. 
go' andlu' kpim. 
hiti' dlmadtki'nidl. 
ho'niti' dimadthi'né. 
mop ; mE' kau. 
tith'a'tendm. 
miaiye'né. 
mitshi' kena’ k. 
haiyakh a' nok tcidlmo'yit. 
Rtcidlmo'yitnata' nik. 
ha'nmoyi'tiné. 
nio' Rd. 
Rtcidlmd'yit. 
ga' kainke' kok. 
tei’ dlka'tsé. 


en 
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English Upper Kootenay Lower Kootenay 
rain (it rains) mia! thik’ k:o' hoi! tiné oka! dinthi' diné. 
sack atsii'tla a'tstiwa' dla. 
sit down yank a'min tsisa' knit. 
shoes (my moccasins) ga-tla' rn ga-dlii'ma. 
silk aghkitlu' ktet dla'swa [French de la soie}. 
skunk Qa’ eas aastai'ya. 
sky a ghitlmi'yit a' gkidimo'yit. 
sleep (I—) ho'tsk’omné"’né hotsni'p’né. 

he sleeps Romné”né nu'p’né. 
we sleep hottk’o'mnénda' tla hodinip'na' dla. 
sleep thou ! R’o'mnin nu'pin. 
sleep ye! Romné' hétl ni'phédl, 
swallow (hirwndo) Gy)a'tla tcidVok. 
to-day nitho' sanméye' thé niho' sanmoye' thé. 
to-morrow hanmé'yét kanmo'yét. 
white fish (species ?) dpa't ipa't. 
woman pa'tlhé padlhé' nam. 


The two tribes of the Kootenays, Upper and Lower, converse with each other 
with apparent ease, as each knows by heart most of the expressions which are differ- 
ent in the speech of each. Those Upper Kootenays who never visit the Lower 
Kootenay territory are very ignorant regarding this dialectic difference. 

The result of our linguistic investigation has been to fix the place of the Kootenay 
thus :— 


Ki’tona’Qa, or Kootenay. An independent linguistic stock, with two dialects, 
differing slightly in phonetics, grammar, and yocabulary :— 


A. Upper Kootenay. 
B. Lower Kootenay. 


KOOTENAY JARGON. 


As usually happens where intercourse with the whites takes place, a jargon has 
sprung up, although its development has been hindered by the use of the wide- 
spread Chinook. Many of those who speak this ‘Kootenay jargon’ imagine they 
are acquainted with the real aboriginal tongue ; but it consists, in fact, of Kootenay 
words changed in form and sound to conform to English grammar and phonetics. 
A few examples will suffice to indicate its general character :— 


Jargon English Kootenay 
ha'tlaha' lein horse Ratlagd' etltsin. 
a'kikld'e house (his) a qhitla'is. 
sha'taklét cold (it is) nish'attléé'tiné 
klo' klama' ha Stony Indians tli'tlima' eka. 
ha! mini'paané see (1) hont'padné. 
sa'ntloho'n sick (he is) sa'nitlgo'né. 
ni' lho rs money ni'tlko. 


By means of this jargon, which consists of a Kootenay vocabulary mutilated to 
suit Huropean ideas of phonology and grammar, a number of the settlers manage to 
get along with the Indians, and to obtain a reputation for speaking the Kootenay 


language. 
SLANG. 


Amongst the young men of the Lower Kootenays a number of slang words are 


used, such as— 


Ra'dla or k’x'dla = horse. 
mi'stak’ x'dla=colt. 


7” 
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Colloquial expressions, which are not regarded as quite correct, are the following :— 


tina'mi%, ‘ butter.’ 

ni'tlko, ‘bell.’ Lit. ‘iron, metal.’ 

tlao'hné,* eleven.’ For é2'tivotlad'kwé. And so with ‘ twelve,’ &c. 
agkink‘o'ko', ‘match. For agkté'motl. 

hithi'nk:d, ‘medicine man.’ For ni'pik-aha' ha. 


PUNNING AND WORD-DISTORTION. 
The Kootenay Indians are certainly acquainted with the art of punning, and the 


Indian A’mElt took great delight in repeating over and over again the distortions of 
certain words. Following examples will show the nature of these puns :— 


For papa he would say frequently  pdapi'yd. 

» sdina' sho 1 { siwwva'teho ; saiuma'sko ; 
(spec. dragon-fly) f 2 22 sa'inast'kn’ ; saumase' ko. 
For gd'tedte) = gy oca'tcko ; g dtla'tsko. 


(chipmunk) f 


The Indians are very much amused at the mistakes made by whites in trying to 
learn their language, and laugh long and heartily at their expense. A few of these 
errors which came under the writer’s notice might be chronicled here. 

For hanki'ptcé, ‘ bread baked in a frying-pan,’ was said tdnki'pte2, which reminded 
the Indians of ?’ank*its, ‘ grouse,’ and set them in a roar of laughter. The same 
effect was produced by— 


ea'aas, ‘skunk,’ said for ed’ ed, ‘crow.’ 


a'qham, ‘pine,’ »  <A'gk dm, ‘ Fort Steele.’ 
ini'sin,‘horsefly, ,,  ini'simin, ‘rainbow.’ 
Ri pz, ‘ owl,’ » ki’ pok, ‘ woodpecker.’ 


Even the seemingly trifling mistake of saying a'ghatla'hpék’ for a'ghotla'kpeh, 
‘leaf,’ was provocative of much merriment. 


BORROWED WORDS. 


There appear to be but very few borrowed words in the Kootenay language. These 
are as far as ascertained— 


From Nez Percé suéapo, Kootenay siyd'pz, ‘white man.’ 
» ? Klikatat nooksi, ‘ otter, Kootenay na'ksak, ‘ marten,’ or vice versa. 
» French le capot, Kootenay ¢lt'kapo' (dli'hkapo'), ‘ coat.’ 
» Chinook jargon Bo'sten, Kootenay Bo'strn, ‘ American.’ 

o % Kindzate, ,, Kindjate, ‘ Canadian.’ 

» French de da soie, Lower Kootenay dld'swa, ‘ silk.’ 

» a Salishan dialect, sta'tlam, canoe. 


APPENDIX. 


SHUSHWAPS. PHYSICAL CHARACTERISTICS. 


‘The measurements of the three females here recorded were made at the mission of 
St. Eugéne, where they were attending the mission school. The measurements of the 
Shushwap Antoine were made at the penitentiary of New Westminster, B.C., by Dr. 
F. Boas, and were kindly placed at the writer’s disposal by him. From so few cases 
nothing absolute can be determined. ‘The stature of the women resembles that of 
the Kootenay women, and the cephalic indices of the three individuals are practically 
identical 84 (or 82 on the skull), the index of the male being 82:9 (or 80°9 on the 
skull), all being brachycephalic. These data go towards strengthening the view 
that the Shushwaps resemble the coast tribes (see ‘ Report,’ 1890, p. 632). The 
females belong to the colony of Shushwaps on the Columbia, within the Kootenay 
country. 
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— Male Female 
Number 1 1 2 3 
( o 5 o s 
A A) a at 
fool ‘Oo “ot 
Name ~ ° F ° | 2 2 EI 3 
7 4 
“~ 
ae aD ie ae 
o o 
ES | Bas) oadlbes 
a ee ee a3 aH a) aH 
BS p= Tey ey Bo 
=| qo o odo 
ome Maton ct | fs 
S 
Age 22 10 17 17 
mm. mm. mm. mm 
Height, standing . 1,631 1,383 1,555 1,583 
Height of shoulder . a : 1,340 1,138 1,289 1,307 
Height of point of second finger . 594 534 580 591 
Length of arm 5 c a 746 604 709 716 
Finger-reach 1,759 1,385 1,601 1,628 
Height, sitting 877 751 810 834 
Width of shoulders 375 314 355 357 
Length of head 193 183 186 175 
Breadth of head . : - 160 154 156°5 147 
Distance from root of nose to chin . 126 110°5 1175 112 
Distance from root of nose to between lips. 80 72 17 78 
Width of face 3 ; F 150 130°5 136 140 
Height of nose . i ; i ° 53 55 54:5 52 
Width of nose 39 40 33 34 
Index of height of shoulder 82°2 82°3 82°9 82°6 
Index of length of arm 45°7 43°7 46-7 45-2 
Index of finger-reach . 107°9 100:1 103°0 102:9 
Index of height sitting : 53°38 7 54:3 52-1 55-2 
Index of width of shoulders 23:0 22:7 22°8 22-6 
Cephalic index ; ; 82:9 84:3 84:0 84:0 
Index of upper part of face. 53:3 5517 56°62 55°71 
Index of face : 84:0 84:67 86°39 80:00 
Index of nose (EGA 72°72 60°55 65°38 


Report of the Committee, consisting of Sir WxLL1aM TurNER (Chatr- 
man), Mr. G. W. Bioxam (Secretary), Sir Witi1aM H. FLOWER, 
Dr. J. G. Garson, Mr. H. H. Ristey, and Dr. E. B. TYLOR, 
appointed to investigate the Habits, Customs, Physical Cha- 
racteristics, and Religions of the Natives of India. (Drawn 


wp by the Secretary.) 


Durine the past year Mr. Risley has published four volumes on the 
tribes and castes of Bengal. Two of these contain an ethnographic 
glossary and the other two the physical measurements of nearly 6,000 
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persons, representing eighty-nine of the leading castes and tribes of 
northern India, from the Bay of Bengal to the frontiers of Afghanistan. 

The cost of this important work has been defrayed by the Indian 
Government, and the ‘ Official Edition,’ from which this report has been 
compiled, has been circulated for criticism. 

Through the agency of the district officers, supplemented by a good 
deal of personal inquiry and correspondence, Mr. Risley was enabled to 
secure the services of 190 correspondents scattered over every district 
of Bengal, and communicating in their turn with an indefinite number 
of representatives of the tribes and castes which formed the subjects of 
inquiry. 

Tithe measurements were taken almost entirely by three Indian gentle- 
men—two Hindoos and one Mahomedan—who had been instructed by 
Mr. Risley himself in the use of the instruments. The following obser- 
vations were recorded: (1) Name of subject; (2) district of birth; (3) 
age; (4) nasal height; (5) nasal width; (6) bimalar breadth; (7) 
nasomalar breadth; (8) cephalic length; (9) cephalic breadth; (10) 
minimum frontal breadth; (11) minimum bizygomatic breadth; (12) 
height, vertex to intersuperciliary point; (13) height, vertex to 
tragus; (14) height, vertex to chin; (15) stature in cm.; (16) weight 
in grammes; (17) facial angle. The data thus obtained enable us to 
distinguish three types, called, by Mr. Risley, Aryan, Dravidian, and 
Mongoloid. 

The Aryan type, as we find it in India at the present day, is marked 
by a relatively long (dolichocephalic) head; a straight, finely cut (lepto- 
rhine) nose; along, symmetrically narrow face; a well-developed fore- 
head, regular features, and a high facial angle. The stature is fairly 
high, ranging from 1,716 millimetres in the Sikhs of the Panjab to 
1,656 in the Brahmans of Bengal; and the general build of the figure 
is well-proportioned and slender rather than massive. 

In the Dravidian type the form of the head usually inclines to be 
dolichocephalic, but all other characters present a marked contrast to 
the Aryan. The nose is thick and broad, and its index is higher than 
in any known race except the Negro. The facial angle is comparatively 
low; the lips are thick; the face wide and fleshy; the features coarse 
and irregular. The average stature ranges from 1,562 to 1,621 milli- 
metres; the figure is squat and the limbs sturdy. 

The Mongoloid type, which in some respects may be looked upon as. 
intermediate between these two, while in other, and perhaps the most 
important, points it can hardly be deemed Indian at all, is found along 
the northern and eastern borders of Bengal. Its most prominent charac- 
ters are a relatively short (brachycephalic) head; a broad face; a short, 
wide nose, very low in the bridge, and in extreme cases almost bridgeless ; 
high and projecting cheekbones, and eyelids peculiarly formed so as to. 
give the impression that the eyes are obliquely set in the head. 

By applying to the entire series the nasal index, which Professors 
Flower and Topinard agree in regarding as the best of race distinctions, 
some remarkable results are arrived at. The average nasal proportions 
of the Malé Paharia, one of the most characteristic of the Dravidian 
tribes, are expressed by the figure 94°5, while the pastoral Gujars of the 
Panjadb have an index of 66°9, the Sikhs of 68°8, and the Bengal Brah- 
mans and Kayasths of 70°4. In other words, the typical Dravidian, as 


represented by the Malé Pahdaria, has a nose as broad in proportion to 


al 
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its length as the Negro, while this feature in the Aryan group can fairly 
bear comparison with the noses of sixty-eight Parisians, measured by 
Topinard, which gave an average of 69-4. Hven more striking is the 
curiously close correspondence between the gradations of racial type 
indicated by the nasal index and certain of the social data ascertained 
by independent inquiry. If we take a series of castes in Bengal, Behar, 
or the North-Western Provinces, and arrange them in the order of the 
average nasal index, so that the caste with the finest nose shall be at 
the top, and that with the coarsest at the bottom of the list, it will be 
found that this order substantially corresponds with the accepted order 
of social precedence. The casteless tribes, Kols, Korwas, Mundas, and 
the like, who have not yet entered the Brahmanical system, occupy the 
lowest place in both series. Then come the vermin-eating Musahars and 
the leather-dressing Chamars. The fisher castes of Bauri, Bind, and 
Kewat are a trifle higher in the scale; the pastoral Goala, the culti- 
vating Kurmi, and a group of cognate castes from whose hands a Brahman 
may take water follow in due order, and from them we pass to the 
trading Khatris, the land-holding Babhans, and the upper crust of Hindu 
society. Thus, it is scarcely a paradox to lay down as a law of the caste 
organisation in Eastern India that a man’s social status varies in inverse 
ratio to the width of his nose. Nor is this the only point in which the 
two sets of observations—the social and the physical—bear out and illus- 
trate each other. The character of the curious matrimonial groupings 
for which the late Mr. J. F. McLennan devised the happy term ‘ exoga- 
yaous’ also varies in a definite relation to the gradations of physical type. 
Within a certain range of nasal proportions, these subdivisions are based 
almost exclusively on the totem. Along with a somewhat finer form of 
nose, groups called after villages and larger territorial areas, or bearing 
the name of certain tribal or communal officials, begin to appear, and 
above these, again, we reach the eponymous saints and heroes, who in 
India, as in Greece and Rome, are associated with a certain stage of 
Aryan progress. 

It deserves notice that the data obtained by the most modern anthro- 
pological method agree in the main not only with the long chain of 
Indian tradition, beginning with the Vedas and ending with the latest 
vernacular treatise on the theory and practice of caste, but also with the 
rationalised and critical story of the making of the Indian peoples, as 
it has been told by Sir William Hunter in the ‘Imperial Gazetteer.’ 
Here the historian shows how, through the veil of fable and miracle, in 
which prehistoric India is shrouded, traces may be discerned of a pro- 
tracted struggle between a lower and a higher race, which would have 
tended to produce much the same results as our statistics bring out. 
Studied in the light of these statistics, it would seem that the standard 
Indian theory of caste may deserve more respectful consideration than 
has been accorded to it of late years. 

The observations conducted by Mr. Risley include fifteen tribes and 
castes of Bengal Proper; five of the Chittagong Hills; ten of the Dar- 
jiling Hills; ten of Behar; seventeen of Chota Nagpur; twenty-three of 
the North-Western Provinces and Oudh; and nine of the Panjab. 

It is hoped that, within a reasonable time, the inquiry may be ex- 
tended throughout the remainder of our Indian empire, and, with this 
object in view, your committee ask for reappointment, with a renewal of 
the grant. 
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Report of the Committee, consisting of Professor W. H. FLOWER 
(Chairman), Dr. J. G. Garson (Secretary), Mr. G. W. BLoxam, 
and Dr. WILBERFORCE SmiTH, for the purpose of carrying on 
the work of the Anthropometric Laboratory. (Drawn up by 
Dr. Garson, Secretary.) 


Tue Committee have to report that at the Cardiff meeting of the Asso- 
ciation last year excellent accommodation near the Reception-room was 
provided by the Local Committee for the Anthropometric Laboratory. 
The services of a clerk were, as previously, placed at the disposal of the 
Committee, and by the kind permission of Mr. Francis Galton, F.R.S., 
Sergeant Randall was again lent to your committee for the purpose of 
measuring the members of the Association who visited the laboratory. 
The Committee desire to express their high appreciation of Mr. Galton’s 
assistance in thus from year to year closing his own laboratory at South 
Kensington during the meeting of the Association, so that Sergeant 
Randall may be able to give his time to the work of the laboratory of 
the Association, under the direction of Dr. Garson. Having the same 
measurer from year to year is of the utmost importance in securing 
uniformity of results, and will, it is hoped, make the collective statistics 
of several years’ observations, when presented to the Association and 
published, of greater value than they would otherwise be. 

The number of applicants for measurement was very often considerably 
greater than could be measured by the staff during the hours the laboratory 
was open. The Committee regret that members of the Association had 
often to wait, sometimes for a considerable time, before their turn for 
measurement came round, especially during the last few days of the 
meeting. ‘To obviate this inconvenience as much as possible, it is de- 
sirable that those who intend to visit the laboratory next year should do 
so as early in the meeting as they can, since during part of the first and 
second days the laboratory is open it often happens that the staff is not 
fully occupied. 

The schedule of measurements and observations which can best be 
made in the laboratory has now been fairly settled by experience of former 
years, so that there is no material change in it to mention in this report. 
The time which can be allotted to each candidate is necessarily limited, 
and it has been the aim of the Committee to select the measurements and 
observations which are of most importance and occupy least time, so as 
to obtain as much information as possible. To this cireamstance must be 
attributed the absence of many tests, particularly those of a physiolo- 
gical nature, from the schedule, which might have been made had time not 
been an object of importance. The schedule includes the age, sex, birth- 
place, colour of eyes and hair, the profile of the nose, height when stand- 
ing, sitting, and kneeling, vertical distance from the vertex to tragus, 
mouth, and chin, length and breadth of head, length and breadth of nose, 
length of cubit and of hand, span of arms, weight in ordinary clothing, 
strength of pull with each hand, vital capacity of lungs, strength of vision 
with each eye and sense ef colour, and in males the maximum and mini- 
mum circumference of the chest during inspiration and expiration respec- 
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tively. A duplicate of the schedule with the measurements recorded on 
it is handed to each person measured. The metric system is used, and 
all measurements ave expressed in millimetres except the weight, pull, and 
vital capacity of lungs, which are given in pounds and cubic inches, 
owing to the instruments not being graduated to kilogrammes and cubic 
centimetres. The total number of persons measured during the Cardiff 
meeting was 103, of whom 73 were males and 30 were females. This is 
somewhat fewer than during the previous meeting, and is partly to be 
accounted for by the fact that during the first few days of the meeting 
comparatively few persons visited the laboratory, although towards the 
end there was far more work to do than could be got through. The 
meeting was also a small one, and the weather was exceedingly bad. 

Since the close of the meeting the statistics of the observations then 
made have been carefully worked up under the direction of the Secretary 
after the plan which has been adopted in dealing with those of former 
years, and are as follows :— 

Age.—The males examined varied in age from 18 to 69 years. Of 
these only 3 were 18 and under 20 years, 15 between 20 and 30 years, 
23 between 30 and 40 years, 17 between 40 and 50 years, 11 between 50 
and 60 years, and 4 between 60 and 70 years. Of the females 2 were under 
18 years of age, and are not included in the statistics, 2 were between 
18 and 20 years, 10 between 20 and 30 years, 7 between 30 and 40 years, 
4 between 40 and 50 years, 4 between 50 and 60 years, and 1 between 60 
and 70 years. 

Birthplace and Residence.—Only 18, that is about 25 per cent. of the 
males, and 10, that is 33 per cent. of the females, were born in or near 
Cardiff, or are Welsh by birth. The remainder of both sexes came from 
various parts of England, Scotland, and Ireland, the percentages from each 
place being small, on account of the number of counties represented. As 
regards residence the number of dwellers in large towns and the country 
were about equal in number. 

Occupation.—The larger proportion of the males measured were pro- 
fessional men ; the minority were engaged in commercial pursuits. 

Colour of Eyes.—The colour of the eyes was tested with Mr. F. Gal- 
ton’s set of standards—light, medium, and dark in colour. According to 
this scale 43:9 per cent. of the males were light-eyed, 27°3 per cent. 
medium or of grey colour, and 28°8 per cent. were dark-coloured, includ- 
ing the various shades of brown. Of the females 10 had light eyes, 8 
medium, and 9 dark eyes out of 27. On account of the, smallness of the 
numbers the latter have not been reduced to percentages. 

Colour of Hair.—Dividing the hair into the classes of dark, medium, 
.and light, with special classes, if required, for red and albino, and omit- 
ting all cases of grey hair due to senile changes, 48:2 of the males had 
light hair, 11:1 had medium, and 40:7 per cent. had dark hair. As there 
was no standard to give to the observer of the limits of each class the 
figures just given are his own ideas as to the different shades, and it is 
evident that many cases of medium-coloured hair have been included 
amongst the light-haired group. For this reason comparison of the fre- 
quency of the various combinations of colour of eyes and hair has not been 
attempted. This defect in the observations on the colour of the hair will 
be remedied in future, as the standards of eyes and hair have since the last 
meeting of the Association been published in the new edition of ‘ Notes 
and Queries on Anthropology.’ 
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Profile of Nose.—The outline in profile of the nose has been recorded, 
according to Broca and Topinard’s standards, published on plate iv. oppo- 
site page 20 in the second edition of ‘ Notes and Queries on Anthropology ” 
just referred to. The straight form (fig. 1) greatly predominates, but the 
hooked form (fig. 3) is also met with. As it appears uncertain whether 
or not a little confusion has arisen in some of the forms, further analysis 
is omitted. 

Height.—¥or the sake of convenience persons were measured with 
their boots or shoes on their feet, but to ascertain their actual height the 
thickness of the heels was also measured and subtracted from the total 
indicated height. 

The stature of the males at the 25th grade is 1,688, at the 50th 1,740; 
and at the 75th, 1,774; the ‘Q’ or half the difference between the stature at 
the 25th and 75th grades is 43 mm., giving a corrected mean stature of 
1,731. The stature of the females is at the 25th grade 1,562 ; at the 50th, 
1,612; and at the 75th, 1,662 ; ‘Q’ is therefore 50, making the corrected 
mean 1,612. 

Height when Sitting —This measurement gives the length of the head, 
neck, and trunk of the body. Inthe males, at the 25th grade, it is 886; 
at the 50th, 913; at the 75th, 934; ‘Q’ is 23, making the corrected mean 
910. In the females it is at the 25th grade 825; at the 50th, 867; at 
the 75th, 888; ‘Q’ is 31, and the corrected mean 856. 

Length of Lower Limbs.—When the height sitting is subtracted from 
the standing height the difference indicates the amount contributed to the 
stature by the lower limbs. In the males this is at the 25th grade 801; 
at the 50th, 826; at the 75th, 840; the corrected mean is therefore 820. 
In the females it is at the 25th grade 737; at the 50th, 745; at the 75th, 
774; and the corrected mean is 756. 

Length of Leg and Height of Foot.—This is obtained by subtracting 
the kneeling height from the standing height. The latter is at the 25th 
grade 1,262; at the 50th, 1,503 ; at the 75th, 1,328 ; ‘Q’ equals 33, and the 
corrected mean, 1295. Subtracting these figures from the corresponding 
figures of the standing height previously given we find the length at the 
25th grade is 426; at the 50th, 436; at the 75th, 446 ; ‘Q’ equals 10, and 
the corrected mean 436 in the males. 

In the females the kneeling height is at the 25th grade 1,175; at the 
50th, 1,225; at the 75th, 1,262; ‘Q’ equals 43, and the corrected mean 
1,218. The length of the leg and foot portion of the limb in the females 
is therefore at the 25th grade 387; at the 50th, 387; at the 75th, 401; 
‘Q’ equals 6:6, and the corrected mean 394. This case illustrates the ad- 
vantage of using the corrected mean as well as the calculated mean. It 
will be observed that the latter is considerably higher in the kneeling 
height than the former; hence in the length of the lower segment of 
the limb the length at the 25th and 50th places is the same, which is not 
the case, and what it should be is shown by the corrected mean. No 
doubt this anomalous condition arises in part from the small number of 
females measured, and in part from the fact that the estimate has 
been made by subtraction and not by actual calculation from the figures 
themselves. 

Length of Thigh Portion of the Lower Limb.—This is ascertained by 
subtracting the length of the leg and foot portion from the total length 
of the limb. In the males it is at the 25th grade 375; at the 50th, 390; 
at the 75th, 394; ‘Q’ equals 7, and the corrected mean is 384. In the 
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females at the 25th grade it is 350; at the 50th, 353; at the 75th, 373; 
*Q’ equals 11, and the corrected mean is 361. 

The corrected mean stature of the males is made up, according to the 
foregoing figures, by the different parts of the body in the following pro- 
portions: The head, neck, and trunk contribute 52°6 per cent., the 
thigh from the lower level of the tuber ischia to the knee 222 per cent., 
and the leg and height of the foot 25:2 per cent. In the females the head, 


_ neck, and trunk form 51°3, the thigh 22-4, and the leg and height of the 


foot 24°5 per cent. of the mean corrected stature. 

Vertical Projection of the Head.—This is the vertical distance from the 
vertex to the under surface of the chin. In the males it is at the 25th 
grade 206; at the 50th, 214; at the 75th, 222; ‘Q’ equals 8, making 
the corrected mean 214, The vertical projection of the head contributes 
12-4 per cent. of the corrected mean stature of the body. In the females 
the mode of dressing the hair has so much interfered with the results that 
they would appear to have longer heads than the males, and have conse- 
queutly been omitted. 

Distance from Vertex to Mouth.—In the males it is at the 25th 
grade 156; at the 50th, 165; at the 75th, 172 ; ‘Q’ equals 8, and the 
corrected mean 164. The vertex to the mouth contributes 76°8, and the 
chin 232 per cent. to the total projection of the head. 

Distance from Vertex to Tragus.—This represents, as far as is possible 
on the living, the height of the head. In the males it is at the 25th 
grade 124; at the 50th, 130; at the 75th, 133; ‘Q’ equals 4, and the 
corrected mean 128. Owing to the uncertainty of the results the females 
are omitted. 

Length of Head.—In the males at the 25th grade it is 195; at the 
50th, 199; at the 75th, 203; ‘Q@’ is 4, and the corrected mean 199. 
In the females it is at the 25th grade 186; at the 50th, 189; at the 75th, 
192 ; ‘Q’ is 3, and the corrected mean 189. 

Breadth of Head.—In the males it is at the 25th grade 152; at 
the 50th, 156; at the 75th, 160; ‘Q’ is 4, and the corrected mean 
156. In the females it is at the 25th grade 145; at the 50th, 148; at 
the 75th, 150; ‘ Q’ is 2:5, and the corrected mean 147°5. 

Proportions of the Head.—The cephalic index in the males varies from 
71 to 91; at the 25th grade it is 76:6; at the 50th, 78:5; at the 75th, 
79°9 ; ‘()’ is 1°6, and the corrected mean is 78°3. It will be seen from 
this that the 25th and 75th grades lie in the mesaticephalic group. 


_ According to the international division of the cephalic index on the 


skull, 8 of the series are dolichocephalic, 44 are mesaticephalic, 19 are 
brachycephalic, 1 is hyperbrachycephalic, and 1 is ultrabrachycephalic. 
In the females the cephalic index varies from 73 to 84; at the 25th 
grade itis 76°5; at the 50th, 78°5; at the 75th, 80; ‘Q’ is 1°7, and the 
corrected mean 78°2. The index in the two sexes at the different grades 
agrees very closely. By the international division 2 of the females are 
dolichocephalic, 18 are mesaticephalic, and 8 are brachycephalic. There 
is thus less variation in the form of their heads than in the males. The 
height-length index in the males is 64°5, taken from the corrected mean 
measurements of length and projection from vertex to tragus. The 
module of the head, obtained by adding the length, breadth, and height 
together, adding to their product 15 in the case of males and 13 for 
females, and dividing the whole sum by 3, is, in the males, at the 25th 
grade, 157°9; at the 50th, 161°4; at the 75th, 1652; ‘Q’ is 3-6, and 
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the corrected mean is 161°5. The index of the relative proportion which 
the length of the head from the glabella to the occiput bears to the length 
from the vertex to the chin (the latter being taken as 100) is 95 ; that 
of the breadth to the vertical projection of the head is 72°9 in the males. 
If the glabello-occipital length is taken as 100, the index it forms 
with the total projection of the head is 107°5. 

Nasal Index.—In the males the nasal index is 56°5 at the 25th 
grade; at the 50th, 60°3; at the 75th, 64°8 ; ‘Q’ is 41, and the cor- 
rected mean 60°6. ‘In the females it is at the 25th orade 551; at the 
50th, 55:9; at the 75th, 56°6 ; ‘Q’ is ‘7, and the corrected mean is there- 
fore 55'8. The index ranges ‘in the males from 48:2 to 86°6, and from 
49 to 66°6 in the females. 

Face Index.—In the males the facial index is at the 25th grade 105 ; 
at the 50th, 110; at the 75th, 119; ‘Q’ equals 7, and the corrected mean 
112. In the females it is at the 25th grade 106; at the 50th, 114; 
at the 75th, 118; ‘Q’ equals 6, and the corrected mean 112. This index 
is calculated from the bizygomatic breadth and nasio-mental length of 
the face, the latter being taken as 100. 

Length of Cubit. —In the males the length of cubit at the 25th grade 
is 452; at the 50th, 464°7 ; at the 75th, 478 ; ‘Q’ equals 13, and the 
corrected mean is 465. The corrected mean length of cubit is 26:8 per 
cent. of the corrected mean stature. In the females the length of the 
cubit at the 25th grade is 404; at the 50th, 419; at the 75th, 431; ‘Q’ 
equals 14, and the corrected mean is 417. The cubit in them is 25°9 of 
the stature. 

Length of Hand (right).—In the males the length of the right hand at 
the 25th grade is 1866; at the 50th, 192°6; at the 75th, 1996; ‘Q’ 
equals 6:5, and the corrected mean 193. The corrected mean length of 
hand is 111 per cent. of the corrected mean stature. In the females 
the length of hand at the 25th grade is 170; at the 50th, 1778; at the 
Voth, 184°2 ; « Q’ is 6°6, and the corrected mean 177°6, or 11-0 per ‘cent. of 
the corrected mean stature ; in the males the 41°5 per cent. of the cubit, 
and in the females 42°5 per cent. Subtracting the corrected mean length 
of the hand from the corresponding length of the cubit, the mean length 
of the forearm proper is 272 in the males and 239 in the females; the 
length of the hand is to that of the forearm in the former as 71, and in 
the latter as 74°3 to 100. 

Span of Arvms.—Iu the males the span of the arms varies from 1,575 
to 1,900; at the 25th grade it is 1,738; at the 50th, 1,771; at the 
75th, 1,814; ‘Q’ is 38, and the corrected mean is 1,776. In the females 
it is at the 25th grade 1,550; at the 50th, 1,601; at the 75th, 1,644; 
*Q’ equals 47, and the corrected mean is 1,597. The proportion which 
the span bears to the stature (the latter being taken as 100) is in the 
males as 102-6, and in the females 105°2. The span of the arms exceeds 
the stature in 10 cases out of 70 in the males, and in 13 out of 26 in the 
females, or in 14°3 per cent. of the former, and in 50 per cent. of the 
latter. 

Weight.—In the males the weight at the 25th grade is 144 lbs. ; 
at the 50th, 162-5 Ibs. ; at the 75th, 167 lbs. ; ‘Q’ equals 11°6, and the 
corrected mean is 156 lbs., or 11 st. 2 lbs. In the females it is at the 
25th grade 1167 lbs. ; at the 50th, 122-5 lbs. ; and at the 75th, 131-7 lbs. ; 
‘Q”’ equals 7:5, and the corrected mean is 1242 lbs., or 8 st. 12 Ibs., that 
is, 2 st. 4 lbs. less than the males. 
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Pull.—The mean strength of pull of both hands is in the males at 
the 25th grade 60°8 lbs.; at the 50th, 68-4; at the 75th, 74:9; ‘Q’ is 
7, and the corrected mean is 67:8 lbs. In the females itis at the 25th 
grade 32 lbs.; at the 50th, 36; at the 75th, 43:3; ‘Q’ equals 5:6, 
and the corrected mean is 37°6 lbs. In 32 cases out of 71 in the 
males the pull with the right hand is the stronger, in 33 the left is 
the stronger, and in 6 cases the two hands are of equal strength. In 
27 females the right hand is the stronger in 9 cases, the left in 14, and in 
6 the two hands are equal. 

Vital Capacity of Lungs.—In the males the vital capacity at the 
25th grade is 188 cubic inches; at the 50th, 221 cubic inches; at 
the 75th, 254°5 cubic inches ; ‘Q’ equals 33:2, and the corrected mean 
is 221-2 enbic inches. In the females it is at the 25th grade 1014; 
at the 50th, 125°5; at the 75th, 148°8 cubic inches; ‘Q’ equals 23°4, 
and the corrected mean is 124°8 cubic inches. The vital capacity of 
the chest was ascertained by means of Stanley’s spirometer, kindly 
lent for the meeting by the manufacturers, Messrs. Tallack & Co., of 
28 Hatton Garden, London, to whom the Committee express best thanks 
for having placed at their disposal, for two consecutive years, this very 
excellent instrument. 

Circumference of the Chest.—This dimension was only ascertained on 
the males. At the 25th grade, during forced inspiration, it measures 
932 millimetres; at the 50th, 970 millimetres; at the 75th, 1,017 
millimetres; ‘Q’ equals 42, and the corrected mean 976 millimetres. 
The difference between forced inspiration and forced expiration is at the 
25th grade 41 millimetres; at the 50th, 52 millimetres; at the 7oth, 
69 millimetres ; ‘Q’ is 14, and the corrected mean 55 millimetres. By 
subtracting half of this latter sum from the corrected mean circumference 
of the chest during forced inspiration, we get 968 millimetres as the 
girth of the chest when the lungs are midway between forced inspiration 
and expiration. 

Vision.—The power of vision was tested with Snellen’s test-types 
placed at a distance of 6 metres from the eye. The number of males who 
could read No. 6 type with both eyes (each eye being tested separately) 
was 38 out of 73, that is 52 per cent., and 14 of these were able to read 
No. 5 at 6 metres. Of the females 13 out of 26, or 50 per cent., had 
normal vision; that is to say were able to read No. 6 test-type at 6 

metres; indeed, all but 4 of them were able to read No. 5 at 6 metres. 
In several cases the vision with one eye was normal, while that of the 
other was more or less defective. The time which could be devoted to 
each candidate was too short to permit of any investigation as to the 
cause of the deficiencies in vision being undertaken. 

Colour Sense—This was tested by asking the candidate to pick out 
first the greens and afterwards the reds from a series of cards which con- 
tained the various confusion colours for green and red blindness, and 
several other colours. Three of the males were found to be colour-blind. 

For purposes of comparison a table of the corrected means of the 
different measurements dealt with in this report has been made out, and 
placed side by side with the corresponding figures obtained from the 
_ laboratory in the previous year. 

The Committee desire to be reappointed, and to have a sum of 51. 
again placed at their disposal. 
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Table of Measurements of Males. 


Stature 

Sitting Height 
Length of Thigh 
Length of Leg 


Vertical Projection of Head (vertex to chin) . 
Height of Head Cane to STAGE)» 


Length of Head 
Breadth of Head 
Cephalic Index 
Module of Head 
Nasal Index 
Face Index . 
Length of Cubit 
Length of Hand 
Span of Arms. 
Weight 

Mean Pull 


Vital Capacity of Lungs, cubic inches 
Maximum Circumference of Chest 
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TRANSACTIONS OF THE SECTIONS. 


Srctrion AA—MATHEMATICAL AND PHYSICAL SCIENCE. 


PRESIDENT OF THE SECTION—Professor ARTHUR SCHUSTER, PH.D., F.R.S., F.R,A.S, 


THURSDAY, AUGUST 4. 


The PrEsIDENT delivered the following Address :— 


In opening the proceedings of our annual meeting the temptation is great to look back 
on the year which has passed and to select for special consideration such work 
published during its course as may seem to be of the greatest importance. I fear, 
however, that a year is too short a time to allow us to form a fair estimate of the 
value of a scientific investigation. ‘The mushroom, which shoots up quickly, only 
to disappear again, impresses us more than the slow-growing seedling which will 
live to be a tree, and it is difficult to recognise the scientific fungus in its early 
stage. But, although I do not feel competent to give you a review of the progress 
made in our subject during the last twelve months, there is one event to which 
some allusion should be made. It has been the sad duty of many of my pre- 
decessors to announce the death. of successful workers in the field of science, but 
I believe I am unique in having the pleasure of recording the birth of a scientific 
man. At the beginning of this year there came into the world a being so brilliant 
that he could, without preparation, take up the work of the most eminent man 
amongst us. Believers in the transmigration of souls have speculated on the fact 
that Galileo’s death and Newton’s birth fell within a year of each other; but no 
event has ever happened so striking as that which took place on the Ist of January, 
when the mantle of Sir William Thomson fell on the infant Lord Kelvin. Those 
who have attended these meetings will feel with me that the honour done to our 
foremost representative, an honour which has been a source of pride and satis- 
faction to every student of science, could not altogether remain unnoticed in the 
section which owes him so much. 

We are chiefly. concerned here with the increase of scientific knowledge, and 
we derive pleasure in contrasting the minor state of ignorance of our own time 
with that which prevailed a hundred years ago. But when we contrast at the 
same time the refined opportunities of » modern research laboratory with the 
crude conditions under which the experimentalist had to work at the beginning of 
the century, we may fairly ask ourselves whether it is possible by means of any 
systematic course of study or by means of any organisation to accelerate our pro- 
gress into the dark continent of science. A number of serious considerations arise 
in connection with this subject, and though I am not going to weary you by 
attempting an exhaustive discussion, I should like to draw your attention to a 
few matters which seem to me to be well worthy of the consideration of this Asso- 
ciation, Changes are constantly made or proposed in our existing institutions, 
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and new ones are suggested which are to serve the purpose of a more rapid accumu- 
lation of knowledge. I need only allude to the alterations in the curriculum of the 
science schools in our old Universities, made partly for the purpose of fitting 
their graduates for the conduct of original research, or to the national laboratory 
proposed by my predecessor in this chair for carrying out a certain kind of scien- 
tific investigation, which at present is left undone, or is done by private enterprise. 
Eyen our own Association has not escaped the evil eye of the reformer, and, like 
other institutions, it may be capable of improvement. But in choosing the direc- 
tion in which a change may best be made, I think we may learn something from the 
way in which Nature improves its organisms. We are taught by biologists that 
natural selection acts by developing those qualities which enable each species best to 
survive the struggle for existence; useless organs die off or become rudimentary. 
Nature teaches us, therefore, how a beautiful complex of beings, mutually depend- 
ent on each other, is formed by improving those parts which are best and most 
useful, and letting the rest take care of itself. But in many of the changes which 
have been made or are proposed the process of reform is very different. The 
weakest points are selected, our attention is drawn to some failure or to some- 
thing in which we are excelled by other nations, and attempts are made to cure 
what perhaps had better be left to become rudimentary. The proceeding is not 
objectionable as long as the nourishment which is applied to develop the weaker 
organs is not taken from those parts which we should specially take care to preserve. 
To apply these reflections to the question with which we are specially concerned, T 
should like to see it more generally recognised that although there is no struggle 
for existence between different nations, yet each nation, owing to a number of cir- 
cumstances, possesses its own peculiarities, which render it better fitted than its 
neighbours to do some particular part of the work on which the progress of science 
depends. No country, for instance, has rivalled France in the domain of accurate 
measurement, with which the names of Regnault and Amagat are associated, and 
the International Bureau of Weights and Measures has its fitting home in Paris.’ 
The best work of the German Universities seems to me to consist in the following 
up of some theory to its logical conclusions and submitting it to the test of experi- 
ment. I doubt whether the efforts to transplant the research work of German 
Universities into this country will prove successful. Does it not seem well to let 
each country take that share of work for which the natural growth of its character 
and of its educational establishments best adapts it ? Is it wise to remedy some weak 
point, to fill up undoubted gaps, if the soil that fills the gaps has to be taken from 
the hills and elevations which rise above the surrounding level ? 

As far as the work of this section is concerned the strongest domain of this 
country has been that of mathematical physics. But it is not to this that I wish 
specially to refer. Look at the work done in Great Britain during the last two 
centuries; the work not only in physics, but in astronomy, chemistry, biology. Is 
it not true that the one distinctive feature which separates this from all other 
countries in the world is the prominent part played by the scientific amateur, and 
is it not also true that our modern system of education tends to destroy the 
amateur ? 

By amateur I do not necessarily mean a man who has other occupations and 
only takes up science in his leisure hours, but rather one who has had no aca- 
demical training in that branch of knowledge which he finally selects for study. 
He has probably been brought up for some profession unconnected with science, 
and only begins his study when his mind is sufficiently matured to form an entirely 
unbiassed opinion. We may, perhaps, best define an amateur as one who learns his 
science as he wants it and when he wants it. I should call Faraday an amateur. 
He would have been impossible in another country ; perhaps he would be impos- 


1 Much of the good work done by this Bureau remains unknown, owing to the 
miserly way in which their publications are circulated. No copies are supplied even 
to the University libraries. The explanation, of course, is ‘want of funds.’ In other 
words, England, France, and Germany, together with other nations, unite to doa 
certain kind of work, but cannot afford to distribute a few copies of the publication 
to the public for whose benefit the work is undertaken. 
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sible in the days of the Science and Art Department. Other names will occur to 
you, the most typical and eminent being that of Joule, It is not my purpose to 
discuss why distinguished amateurs have been so numerous in this country, but I 
am anxious to point out that we are in danger of losing one great and necessary 
factor in the origination of scientific ideas. 

One of the distinctive features of an amateur is this, that he carries not the 
weight of theories, often not the weight of knowledge, and, if I am right, there is 
a distinct advantage in having one section of scientific men beginning their 
work untrammelled by preconceived notions, which a systematic training in science 
is bound to instil. Whatever is taught in early years must necessarily be taught 
in a more or less dogmatic manner, and, in whatever way it is taught, experi- 
ence shows that it is nearly always received in a dogmatic spirit. It seems 
important, therefore, to confine the early training to those subjects in which pre- 
conceived notions are considered an advantage. It is tome an uncongenial task to 
sound a note of warning to our old Universities, for the chief difficulties in which 
they are placed at present are due to the fact that they have given way too much 
to outside advice ; but I cannot help expressing a strong conviction that their highly 
specialised examinations for entrance scholarships are a curse to all sound school 
education, and will prove a still more fatal curse to what concerns us most nearly, the 
progress of scientific knowledge. If school education could be more general, if 
scientific theories could only be taught at an age when a man is able to form an 
independent judgment, there might be some hope of retaining that originality of 
ideas which has been a distinctive feature of this country, and enabled our amateurs 
to hold a prominent position in the history of science. At present a knowledge of 
scientific theories seems to me to kill all knowledge of scientific facts. 

It is by no means true that a complete knowledge of everything that has a 
bearing on a particular subject is always necessary to success in an original inves- 
tigation. In many cases such knowledge is essential, in others it is a hindrance. 
Different types of men incline to different types of research, and it is well to pre- 
serve the dual struggle. The engine which works out the great problems of nature 
may be likened to a thermodynamic machine. The amateur supplies the steam 
and the Universities supply the cold water ; the former, boiling over often with ill- 
considered and fanciful ideas, does not like the icy bath, and the professional 
scientist rebels against the latent heat of the condensing steam, but nevertheless 
the hotter the steam and the colder the water the better works the machine. 
Sometimes it happens that boiler and cooler are both contained in the same brain, 
and each country can boast of a few such in a century, but most of us have to 
remain satisfied with forming only an incomplete part of the engine of research. 

But while it is necessary to recognise the great work done by the amateur, 
jt seems not untimely to draw their attention to the damage done to themselves 
if they overstep their legitimate boundaries, and especially if they seek popular 
support for such of their theories as have not received the approval of those who 
are competent to judge. An appeal from Philip sober to Philip drunk will not 
prove successful in the end. ; 

The gradual disappearance of the amateur may be a necessary consequence of 
our increased educational facilities, and we must inquire whether any marked 
advantages are offered to us in exchange. There is one direction in which it would 
seem at first sicht, at any rate, that a proper course of study could do much to 
facilitate the progress of research. 

On another occasion I pointed out that two parties are necessary for every 
advance in science, the one that makes it and the one that believes in it. If 
the discoverer is born, and cannot be made, would it not be possible to train 
the judgment of our students so that they may form a sound opinion on the 
new theories and ideas which are presented to them? It is too early as yet to 
judge in how far our generation is better in this respect than the one that has gone 

efore it, but on closer examination it does not seem to me to be obvious that any 
marked improvement is possible. Every new idea revolutionising our opinions 
on some important question must necessarily take time before it obtains a proper hold 
on the scientific world. Is it not true that anyone who can at once see the full 
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importance of a new theory, and accept it in place of the one in which he has. 
been brought up, must stand at a height almost equal to that of the originator? 
The more startling and fresh the new conception the fewer must be those who are 
ready to adopt it. But looking back at the history of science during the present 
century, is there much evidence that great discoveries have been seriously delayed 
by want of proper appreciation? We may hear of cases where important papers 
have been rejected by scientific societies, and occasionally a man of novel ideas 
may have been too much neglected by his contemporaries. I doubt whether 
such cases of apparent injustice can ever be avoided, and, considering the great 
changes involved in matters of primary importance, such as the undulatory 
theory of light, the conservation of energy, and the second law of thermo- 
dynamics, I cannot admit that there is much reason to be dissatisfied with 
the rate at which new theories have been received. Those who experience a tempo- 
rary check, owing to the fact that public opinion is not ripe for their ideas,. 
are often fully rewarded after the lapse of a few years. The disappointment 
which Joule may have felt during the time his views met with adverse criticisms 
from the official world of science was no doubt amply compensated by the pleasure 
with which he watched the subsequent progress of research in the new domain 
which his discoveries have opened out. 

The point is not one of academic interest only, for the fear of repressing some 
important new discovery has a disastrous influence in another direction. The 
judgment of the scientific world seems to me to be tending too much towards. 
leniency to apparently absurd theories, because there is a remote chance that they 
may contain some germ of real value, A new truth will not be found to suffer 
ultimately by adverse and even unreasonable criticism, while bad theories and bad 
reasoning, supported by the benevolent neutrality of those to whose judgment the 
scientific world looks for guidance, are harmful in many ways. They block the 
way to an independent advance and encourage hasty and ill-considered generalisa- 
tions. The conclusion I should draw from the considerations I have placed before 
you are these: I believe that a reasonable censorship exercised by our scientific 
societies is good and necessary ; that those whose fate it is to be called on to. 
express an opinion on some work or theory should do so fearlessly according to 
their best judgment, Their opinion may be warped by prejudice, but I think it is. 
better that they should incur the risk of being ultimately found to be wrong than 
that they should help in the propagation of bad reasoning. There is one matter, 
however, on which all opinions must agree. Worse than bad theory or logic is 
bad experimental work. Should we then not rigorously preserve any influence 
or incentive which encourages the beginner to avoid carelessness and to consider 
neither time nor trouble to secure accuracy? There is no doubt to my mind that 
the prospect of admission to the Royal Society has been most beneficial in this: 
respect, and that the honourable ambition to see his paper published in the 
‘Transactions’ of that society has preserved many a student from the premature 
publication of unfinished work. 

One of the principal obstacles to the rapid diffusion of a new idea lies in the 
difficulty of finding suitable expressions to convey its essential point to other minds. 
Words may have to be strained into a new sense, and scientific controversies. 
constantly resolve themselves into differences about the meaning of words. On 
the other hand, a happy nomenclature has sometimes been more powerful than 
peor logic in causing a new train of thought to be quickly and generally 
accepted. 

A good example is furnished by the history of the science of energy. The 
principle of the conservation of energy has undoubtedly gained, by the introduction 
of the term ‘potential energy,’ a more rapid and general acceptance than it would 
otherwise have received. A great theorem, which in itself seems to me to be: 
an intricate one, has been simplified by calling something energy which, in the 
first place, is only a deficiency of kinetic energy. The only record I can find on 
the history of the expression is given in Tait’s ‘Thermodynamics,’ wherein the. 
term ‘statical energy’ is ascribed to Lord Kelvin, and that of ‘ potential energy’ to: 
Rankine. It would be of interest to have a more detailed account on the origin of 
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an expression which has undoubtedly had a marked influence, not only on the 
physics, but also on the metaphysics of our time. But while fully recognising the 
very great advantage we have derived from this term ‘potential energy,’ we ought 
not, at the same time, to lose sight of the fact that it implies something more than 
can be said to be proved. It is easy to overstep the legitimate use of the word. 
Thus, when Professor Lodge! attempts to prove that action at a distance is not 
consistent with the doctrine of energy, he cannot, in my opinion, justify his position 
except by assuming that all energy is ultimately kinetic. That is a plausible but 
by no means a necessary theory. Efforts have been made to look on energy as on 
something which can be labelled and identified through its various transformations. 
Thus we may feel a certain bit of energy radiating from a coal-fire, and if our 
knowledge was complete, we ought to be able to fix the time at which that 
identical bit of energy left the sun and arrived on the surface of the earth, setting 
up a chemical action in the leaves of the plant from which the coal has been 
derived. If we push this view to a logical conclusion, it seems to me that we 
ak finally arrive at an atomic conception of energy which some may consider an 
absurdity. 

Let, for instance, a number of particles P,, P,, &c., in succession, strike another 
particle, Q. How can we in the translatory energy of the latter identify the parts 
which P,, P,, &c., have contributed ? According to Professor Lodge’s view, we 
should be able to do so, for if the particle Q in its turn gives up its energy to 
others, say R,, R,, R,, &c., we ought to be able to say whether the energy of P, has 
ultimately gone into R, or into R,, or is divided between them. It is only by 
imagining that all energy is made up of a finite number of bits, which pass from 
one body to another, that we can defend the idea of considering energy as capable 
of being ‘labelled.’ 

In the expressions we adopt to describe physical phenomena we necessarily 
hover between two extremes. We either have to choose a word which implies more 
than we can prove, or we have to use vague and general terms which hide 
the essential point, instead of bringing it out. The history of electrical 
theories furnishes a good example. The terms positive and negative electricity 
committed us to something definite ; we could reckon about quantities of electricity, 
and form some definite notion of electrical currents as a motion of the two kinds of 
electricity in opposite directions. Now we have changed all that; we speak of 
electric displacements, but safeguard ourselves by saying that a displacement only 
means a vector quantity, and not necessarily an actual displacement. We speak of 
lines and tubes of force not only as a help to realise more clearly certain analytical 
results, but as implying a physical theory which, at the same time, does not 
commit us to anything. I do not find any fault with this, for it is a perfectly 
legitimate and necessary process to state the known connection between physical 
phenomena in some form which introduces the smallest number of assumptions. 
But the great question, ‘ What is electricity?’ is not touched by these general 
considerations. The brilliant success with which Maxwell’s investigations have 
been crowned is apt to make us overrate the progress made in the solution of that 
question. Maxwell and his followers have proved the important fact that optical 
and electrical actions are transmitted by means of the same medium. We may be 
said to have arrived in the subject of electricity at the stage in which optics was 
placed before Young and Fresnel hit on the idea of transverse vibrations, but there 
: - theory of electricity in the sense in which there is an elastic solid theory of 

ight. 

If the term electrical displacement was taken in its literal sense, it would mean 
that the electric current consists of the motion of the ether through the conductor. 
This is a plausible hypothesis, and one respecting which we may obtain experimental 
evidence. The experiments of Rayleigh and others have shown that the velocity 
of light in an electrolyte, through which an electric current is passing, is, within 
experimental limits, the same with and against the current. This result shows that 
if an electrical current means a motion of the ether the velocity of the medium 


1 Phil. Mag., vol. xi. 1881, p. 36. 
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cannot exceed ten metres a second for a current density of one ampére per square 
centimetre. This, then, is the upper limit for a possible velocity of the medium. 
Can we find a lower limit? The answer to that question depends on the inter- 
pretation of a well-known experiment of Fizeau’s, who found that the speed of light 
is increased if it travels through water which moves in the same direction as the 
light. If this experiment implies that the water carries the ether with it, and if a 
motion of the ether means an electric current, we should be led to the conclusion 
that a current of water should deflect a magnet in its neighbourhood. An experi- 
ment made to that effect would almost certainly give a negative result, and would 
give us a lower limit for the velocity of the medium corresponding to a given current. 
Such an experiment, together with that of Rayleigh, would probably dispose of 
the theory that an electric current is due to a translatory velocity of the medium. 
This would be an important step, and it would be worth while to arrive at a 
final settlement of the matter.!_ The whole question of the relation between the 
motion of matter and motion of the medium is a vital one, and we shall probably 
not make any serious advances until experiment has found a new opening. But we 
must expect many negative results before some clue is discovered. Nor can we 
attach much importance to negative results unless they are made by someone in 
whose care and judgment we place full reliance. We should all the more, there- 
fore, recognise the courage and perseverance of those who spend their valuable 
time in such investigations as Professor Lodge has recently undertaken, That 
ultimately some relation will be found between moving matter and electrical 
action there is no reasonable doubt. 

One of the most hopeful openings for new investigations has always been found 
in the pursuing of a theory to its logical conclusions, and there is one result of 
the electromagnetic theory of light which has not, in my opinion, received the 
share of attention which it deserves. 

When sound passes through air it is propagated more quickly with the wind 
than against it, and we may easily find the velocity relative to the earth by com- 
bining the ordinary sound velocity with the velocity of the wind. Similarly, when 
any waves pass through a medium moving with uniform velocity, the waves being 
due to internal stresses in the medium, we may treat of the velocity of the waves 
independently of that of the medium, and say that the wave-velocity in the direc- 
tion of motion of the medium, and relative to a fixed body, is the sum of the wave- 
velocity calculated on the supposition that the medium is at rest and the velocity 
of the medium. Professor J. J. Thomson,” applying Maxwell’s equations, has 
arrived at a different result for electromagnetic waves, and has come to the conclu- 
sion that in order to get the velocity of light along a stream of flowing water we 
have to add to the velocity of light only half the velocity of water. The follow- 
ing considerations suggest themselves to me with respect to this result. Maxwell’s 
theory is founded on certain observed effects, which all depend on the relative 
motion of matter. A result such as the one referred to implies actions depending 
on absolute motion, and appears therefore to point to something which has been 
introduced into the equations for which there is no experimental evidence. The 
only assumption clearly put down by Maxwell is that electromagnetic actions are 
transmitted through the medium, and it is possible that that assumption necessarily 
carries Professor J, J. Thomson's result with it. If a careful examination of the 
subject should show that this is the case, we are brought face to face with a serious 
difficulty. It is said, with justice, to be one of the great advantages of Maxwell’s 
theory that it does away with action at a distance ; but what do we gain if we 
replace action at a distance by something infinitely more difficult to conceive, 
namely, internal stresses of a medium depending on the velocity of the medium 


* Fizeau’s result must either be due to the motion of matter through the medium 
or to the fact that moving matter carries the ether with it. If it is due to the 
former cause, and matter does zot carry the ether with it, may we not consider that 
matter moving through the ether, that is a relative motion of matter and ether, must 
produce effects equal and opposite to those of ether moving through matter? In 
that case the reasoning in the text would, mutatis mutandis, hold good. 

2 Phil. Mag., vol. ix. 1880, p. 284. 
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hrough space? I can only see one loophole through which to escape, namely, that 

Maxwell’s medium is not homogeneous, but consists of two parts, and that if we 
speak of the medium as moving we mean the motion of one of these parts relative 
to the other. 

While we may hope to obtain important results from an investigation of the 
relation between what we call electricity and the medium, we must not lose sight 
of another avenue, namely, the relation between electricity and chemical effects. 
The passage of electricity through gases presents us with a complicated problem 
to which a number of physicists have given their attention of late years. There 
seems no reasonable doubt that electricity in a gas is conveyed by the diffusion of 
particles conveying high charges, probably identical with those carried by the 
electrolytic ions. The fact that this convection is a process of diffusion with 
comparatively small velocity is shown by the experimental result that the path of 
the discharge is affected by any bodily motion of the gas which conveys the current. 
Even the convection currents due to the heat produced by the discharge itself are 
sufficient to deflect the luminous column which marks the passage of the current. 

The most puzzling fact, however, connected with the discharge of electricity 
through gases consists in the absence of symmetry at the positive and negative 
poles. There must be some difference between a positively and a negatively charged 
atom which seems of fundamental importance in the relation between matter and 
what we call electricity. A discussion of the various phenomena attending the 
discharge of electricity through gases seems to me to point to a conclusion which 
may possibly prove a step in the right direction. 

‘A surface of separation between bodies having different conductivities becomes 
electrified by the passage of a current, while at the surface between two chemically 
distinct bodies we have, according to Helmholtz, a sheet covered at the two sides 
with opposite electricities. These surface electrifications are not merely imaginary 
layers invented to satisfy mathematical surface conditions. They can be proved 
to be realities. Thus, when one electrolyte floats on another, the specific resist- 
ances being different, we often observe secondary chemical effects due to the action 
of the ions which carry the surface electrification. 

If the passage of electricity from the solid to the gas involves some work done, 
we must expect a double sheet of electricity at the boundary, the gas in contact 
with the kathode becoming positively, and that in contact with the anode negatively, 
electrified. .A priori we can form no idea how a layer of gas, the atoms of which 
carry charges, will behave. The ordinary proof that all electrification must be 
confined to the surface implies that all forces act according to the law of the 
inverse square; but where we have also to consider molecular forces, I see no reason 
why the electrification at a surface may not stretch across a layer having a thick- 
ness comparable with the mean free path of the molecule. It is here that there 
seems to be the fundamental difference between positive and negative electricity. 
A negative electrification of the gas, like that of a solid or a liquid, seems always 
confined to the surface, and no one has ever observed a volume electrification of 
negative electricity. The case is different for the positively electrified part of the 
gas. Wherever from other considerations we should expect a positively electrified 
surface sheet, we always get a layer of finite thickness. The result implies a 
different law of impact between positively and negatively electrified ions, but I see 
no inherent improbability in this. That the kathode let into a gas is surrounded 
by a positively electrified layer of finite thickness extending outwards must be 
considered as an established fact, and several of the characteristic features of the 
discharge are explained by it. The large fall of potential at the kathode can also 
be explained on the view which I have put forward, for in order to keep up 
the discharge there must be a sufficient normal force at the surface, and if this force 
is not confined to the surface, but necessarily stretches across a finite layer, 
the fall of potential must be multiplied a great number of times. Similarly 
Goldstein has shown that some of the phenomena of the kathode are observed at 
every place at which the positive current flows from a wide to a narrow part of 
a column of gas. At such places we should expect a positive surface electrifica- 
tion, and here, again, the whole appearance tends to show that we are dealing 
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with a positive volume electrification. No corresponding phenomena are observed 
when the current passes from the narrow to the wide part. 

The fact that in all cases experimented upon positive volume electrifications 
are observed but never similar negative electrifications is surely of significance. 

Some of the results recently brought to light by investigations on the dis- 
charge of electricity have interesting cosmical applications. Thus it is found that 
such a discharge through any part of a vessel containing a gas converts the whole 
gas into a conductor.’ The dissociation which we imagine to take place in a 
liquid before electrolytic conduction takes place must be artificially produced in 
a gas by the discharge itself. We may imitate in gases which have thus been 
rendered conductive many of the phenomena hitherto restricted to liquids: tbus I 
hope to bring to the notice of this meeting cases of primary and secondary cells im 
which the electrolyte is a gas. There are other ways in which a gas can be put 
into that sensitive state in which we may treat it as a conductor, and we have 
every reason to suppose that the upper regions of our atmosphere are in this state. 
The principal part of the daily variation of the magnetic needle is due to causes 
lying outside the surface of the earth, and is in all probability only an electro- 
maguetic effect due to that bodily motion in our atmosphere which shows itself 
in the diurnal changes of the barometer. A favourite idea of the late Professor 
Balfour Stewart will probably be thus confirmed. ‘The difference in the diurnal 
range between times of maximum and times of minimum sun-spots is accounted 
for by the fact that the atmosphere is a better conductor at times of maximum 
sun-spots. 

The mention of sun-spots raises a point not altogether new to this section. 
Careful observations of celestial phenomena may suggest to us the solution of 
many mysteries which are now puzzling us. Consider, for instance, how long it 
would have taken to prove the universal property of gravitational attraction if the 
record of planetary motion had not come to the philosopher's help. And surely 
the most casual observation of cosmical effects teaches us how much we have yet 
to learn. 

The statement of a problem occasionally helps to clear it up, and I may be 
allowed, therefore, to put before you some questions, the solution uf which seems 
not beyond the reach of our powers. 

1. Is every large rotating mass a magnet? If it is, the sun must be a powerful 
magnet. The comets’ tails, which eclipse observations show stretching out from 
our sun in all directions, probably consist of electric discharges. The effect of a 
magnet on the discharge is known, and careful investigations of the streamers of 
the solar corona ought to give an answer to the question which I have put.” 

2. Is there sufficient matter in interplanetary space to make it a conductor of 
electricity P I believe the evidence to be in favour of that view. But the con- 
ductivity can only be small, for otherwise the earth would gradually set itself to 
revolve about its magnetic pole. Suppose the electric resistance of interplanetary 
space to be so great that no appreciable change in the earth’s axis of rotation could 
have taken place within historical times; is it not possible that the currents in- 
duced in planetary space by the earth’s revolution may, by their electromagnetic 
action, cause the secular variation of terrestrial magnetism? There seems to me 
to be here a definite question capable of a definite answer, und as far as I can 
judge without a strict mathematical investigation the answer is in the affirmative. 

3. What is a sun-spot? It is, I believe, generally assumed that it is analogous 
to one of our cyclones. The general appearance of a sun-spot does not show any 
marked cyclonic motion, though what we see is really determined by the distribution 
of temperature, and not by the lines of flow. But a number of cyclones clustering 
together like the sun-spots in a group should move round each other in a definite 


) An experiment by Hittorf ( Wied. Ann., vii. p. 614) suggested the probability of 
this fact, which was proved independently by Arrhenius and myself. 

* The efforts of Mr. Bigelow have a bearing on this point, also some remarks 
which I have made in a lecture before the Royal Institution (Proc. Roy. Inst., 1891), 
but nothing decisive can be asserted at present. 
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way, and it seems to me that the close study of the relative positions of a group of 
spots should give decisive evidence for or against the cyclone theory. 

4, If the spot is not due to cyclonic motion, is it not possible that electric 
discharges setting out from the sun, and accelerating artificially evaporation at 
the sun’s surface, might cool those parts from which the discharge starts, and thus 

roduce a sun-spot? The effects of electric discharges on matters of solar physics 
ve already been discussed by Dr. Huggins. 

5. May not the periodicity of sun-spots, and the connection between two such 
dissimilar phenomena as spots on the sun and magnetic disturbances on the earth, 
be due to a periodically recurring increase in the electric conductivity of the parts 
of space surrounding the sun? Such an increase of conductivity might be produced 
by meteoric matter circulating round the sun, 

6. What causes the anomalous law of rotation of the solar photosphere? It 
has long been known that groups of spots at the solar equator perform their revo- 
lution in a shorter time than those in a higher latitude; but spots are disturb- 
ances which may have their own proper motions. Dunér‘ has shown, however, 
from the displacement of the Fraunhofer lines, that the whole of the layer which 
produces these lines follows the same anomalous law, the angular velocity at a 
latitude of 75° being 30 per cent. less than near.the equator.” As all causes 
acting within the sun might cause the angular velocity of the sun to be smaller 
at the equator than at other latitudes, but could not make it greater, the only 
explanation open to us is an outside effect either by an influx of meteoric matter, 
as suggested by Lord Kelvin, or in some other way. If we are to trust Dr. 
Welsing’s result that faculee which have their seat below the photosphere revolve 
in all latitudes with the same velocity, which is that of the spot velocity in the 
equatorial region, we should have to find a cause for a retardation in higher lati- 
tudes rather than for an acceleration at the equator. The exceptional behaviour of 
the solar surface seems to me to deserve very careful attention from solar physicists. 
Its explanation will probably carry with it that of many other phenomena. 

In conclusion, I should like to return for an instant to the question whether it 
is possible by any means to render the progress of science more smooth and swift. 
If there is any truth in the idea that two types of mind are necessary, the one cor- 
responding to the boiler and the other to the cooler of a steam engine, it must also. 
be true that some place must be found where the two may bring their influence 
to bear on each other. I venture to think that no better ground can be chosen 
than that supplied by our meetings. We hear it said that the British Association 
has fulfilled its object ; we are told that it was originally founded to create a general 
interest in scientific problems in the towns in which it meets ; and now that popu- 
lar lectures and popular literature are supposed to perform that work more satis- 
factorily, we are politely asked to commit the happy despatch. There is no need 
to go back to the original intention of those who have founded this institution, 
which has at any rate adapted itself sufficiently well to the altered circumstances. 
to maintain a beneficial influence in scientific research. 

The free discussion which takes place in our sections, the interchange of ideas 
between men who during the rest of the year have occupied their minds, perhaps 
too much, with some special problem, the personal intercourse between those who 
are beginning their work with sanguine expectations, and those who have lost the 
first freshness of their enthusiasm, should surely one and all ensure a long prosperity 
to our meetings. If we cannot claim any longer to sow the seeds of scientific 
interest in the towns we visit, because the interest is established, we can at any 
rate assure those who so kindly offer us hospitality that they are helping power- 
fully in the promotion of the great object which we all have at heart. 


! Oefvers. af Kongl. Vetensk. Ak. Férhandl., xivii. 1890. 

? Although the importance of M. Dunér’s results would make an independent in- 
vestigation desirable, the measurements of Mr. Crew, who by a much inferior method: 
arrived at other results, cannot have much weight as compared with those of Dunér.. 
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The following Reports and Papers were read :— 


1. Report of the Committee on the Meteorological Observations on Ben 
Nevis.—See Reports, p. 68. 


2. Second Report of the Committee on Meteorological Photography. 
See Reports, p. 77. 


3. Highth Report of the Committee on Solar Radiation. 
See Reports, p. 158. 


4, Intervm Report of the Committee on Meteoric Dust. 


5. Twelfth Report of the Committee on the Seismological Phenomena of 
Japan.—See Reports, p. 93. 


6. Nineteenth Report of the Committee on Underground Temperature. 
See Reports, p. 129. 


7. Preliminary Account of Oceanic Circulation, based on the ‘ Challenger’ 
Observations. By Dr. A. Bucuayn, F.R.S.2. 


8. On the Advantage of making Astronomical Time agree with Civil Time. 
By Dr. Sanprorp Fremine, C.M.G. 


9. York Weather from 1841 to 1890. By J. Epmunp CuarK. 


Fifty years of observations with reliable instruments would appear sufficient to 
give the annual mean pressure accurately within one-hundredth of an inch; tem- 
perature within 4° F.; rainfall within 2 per cent. of the total fall. Extremes 
require a much longer period, and monthly means are of course intermediate. 

The means of the three chief values for York are:—Pressure, 29:904 inches; 
temperature (9 A.M. and 9 p.m.), 47°3 F.; rainfall, 25-005 inches, The mean 
relative humidity has been reduced for only 12% years, for which the value is 85:0. 


FRIDAY, AUGUST 5. 


The following Papers were read:— 


1. On Leaky Magnetic Circuits. By Dr. H. E. J. G. ov Bors. 


In order to obtain some generally reliable result on this question the particular 
case of a split-ring, magnetised uniformly and peripherically, was investigated 
theoretically as well as experimentally. The values of the demagnetising factor 
were found to approximate more and more towards the theoretical values as the 
magnetising field is increased—as, indeed, they should by a general saturation 
theorem, first given by Kirchhoff. Fora lower range of magnetisation, up to about 
half the saturation value, the factors are constant, and smaller than the theoretical 
values. It may be shown that the leakage coefficients, as defined by Hopkinson, 
are proportional to the reciprocals of the above factors; it thence follows that 
leakage decreases for high magnetisation, contrary to what has hitherto generally 
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been supposed to occur. This unexpected behaviour may he explained by the 
proper physical theory, but cannot be accounted for by the ohmic law for magnetic 
circuits. 


2. On M. FE. Branly’s Experiments on Electrical Resistance. 
By Dawson Turner, M.D. 


The author had the pleasure, when in Paris, of seeing some of M. E. Branly’s 
experiments on the influence of currents of high potential upon electrical resistance 
(an account of which has been published by M. Branly in the ‘ Comptes Rendus,’ 
November 24, 1890, and January 12, 1891; also in the ‘ Bulletin de la Soc. Int. 
des Electriciens,’ No. 78, May 1891). The author has repeated some of these. 
It is well known that metallic powders present a very great electrical resistance. 
This can be lowered to an extraordinary degree by the passage of a spark in 
their neighbourhood. The author, following M. Branly, has tried, amongst 
other substances, powdered aluminium, copper, annealed selenium, iron filings, 
small shot, mixtures of aluminium and resin fused into a solid stick, &c. The 
best results were obtained with the first two. A short glass tube is filled with 
powdered aluminium, and placed, by means of copper wires passing through corks, 
in circuit with one or two cells and a galvanometer. ‘The resistance of the 
aluminium is very great, and the needle of the galvanometer will remain at zero. 
It, however, a spark from an induction coil be passed anywhere in the vicinity, the 
resistance will become at once very much diminished and the galvanometer needle. 
will be deflected. Thus, though there was at first no appreciable current, there 
may now be one of 250 m.a. The powder will, if undisturbed, remain a conductor 
for some little time; but if the table be shaken, or the glass tube be moved, the 
initial resistance at once returns and the needle passes back to zero. After the 
resistance has been once lowered in this way the powder gets into a very sensitive 
condition; a spark at a great distance lowers the resistance, and the slightest jar 
restores it. The author was not successful with ordinary iron filings, perhaps. 
because they were not sufficiently finely divided. Mere shaking does not restore 
the resistance of the solid stick of aluminium and resin, but the application of a 
little warmth is sufficient. 

The experiments would appear to suggest that the molecules of the powders 
become arranged in such an order as to conduct electricity when an electrical 
discharge occurs in their neighbourhood, and that the slightest mechanical jarring 
suffices to destroy this arrangement. It does not appear to matter which way the 
induction current is passed. 


3. On Electrical Discharges. 
By Professor Hing. Wieprmann and Dr. H. Exper. 


The object of the experiments to be described was to study the phenomena ot 
electrical discharges in rarefied gases under the influence of electrical oscillations of 
a well-defined period, so as to get a deeper insight into their nature. For pro- 
ducing regular electric motions the authors adopted the method of Lecher, but 
they substituted for the induction coil, with its complicated form of discharge, a 
Tépler machine of twenty rotating plates, purchased out of a grant given by the 
Elisabeth Thompson fund. The Lecher wires were between 6 and 14 metres long ; 
by means of bridges resonating circuits of definite period were formed ; the ends of 
the wires were connected with the plates of a Kohlrausch condenser—the ‘End 
Condenser.’ 

Like other experimenters, the authors found in the beginning a great difficulty, 
sometimes impossibility, in getting a luminosity of the tube laid between or at the 
sides of the end condenser, if it was of small diameter. Larger tubes were much 
more easily excited. But it was found that tubes, not too small, with inside coatings 
of platinum, always gave luminosity, and that if they were brought near other in- 
sensitive tubes these also began to glow, and even did so after the exciting tube 
had been removed. 
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The phenomena are described which occurred in different tubes and in different 
positions, especially curious dark spaces in the neighbourhood of the condenser’s 
plates in the vacuum tubes, through which the oscillations passed unabsorbed. 
Some cases were discussed in which the discharges ceased in a singular manner by 
improving the vacuum. : } . 

The paper is to be published in full in Wiedemann’s ‘Annalen.’ An account 
of some of the experiments, with an explanation of them, has been published 
already in the ‘ Verhandl. der Societas Physico-Medica’ of Erlangen, 1892. 


4. On Primary and Secondary Batteries in which the Electrolyte is a Gas. 
By Arruur Scuuster, F.R.S. 


If a current of electricity passes through a vessel which is partially exhausted, 
the whole gas contained in the vessel becomes a conductor in the ordinary sense, 
and a single cell will send a measurable current through it. This phenomenon, 
which may conveniently be called ‘secondary conduction,’ has been investigated 
by the author and Professor Arrhenius. A more detailed study during the past 
year has brought some interesting phenomena to light. If the secondary electrodes 
are platinum and the gas is a hydrocarbon, phenomena of polarisation are observed 
exactly similar to those found when water is decomposed. The electromotive force 
of polarisation in that case amounts to about three or four volts. No polarisation 
or traces only are found with hydrogen, oxygen, nitrogen, cyanogen, aqueous 
vapour, ammonia, and other gases experimented upon, but phosphoretted hydrogen 
shows the phenomenon. 

When the electrodes are made of copper or iron no polarisation is observed in 
hydrocarbons. On the other hand, when aluminum or magnesium is used it 
rises to very high values. Magnesium electrodes, in which the secondary current 
from thirty Clark cells was allowed to pass for some time, showed a polarisation of 
35 volts. 

The polarisation effects are studied just as in the case of liquids by interrupting 
the polarising current and connecting the secondary electrodes with a galvanometer 
or electrometer. 

When a hydrocarbon is used both electrodes become covered with a thin film, 
which shows the colours of thin layers of metallic oxides or sulphides. The fact 
that the electromotive force depends so much on the nature of the metal tends to 
show that a metallic carbon compound is formed by the action of the primary cur- 
rent, and that the effects are analogous to those of the secondary battery. 

The author has also studied the currents observed when electrodes of different 
metals are inserted into a gas rendered sensitive by the electric discharge. 
Arrhenius had already shown that zinc and platinum in air give a permanent 
difference of potential under these circumstances. The author finds that, whatever 
the gas which has been converted into a conductor by a primary discharge, perma- 
nent currents may be obtained from magnesium and platinum electrodes, the 
magnesium always being electro-negative. The electromotive force is, however, 
different in different gases, and higher, for instance, in oxygen than in hydrogen. 


5. On the Stability of Periodic Motion. By Lord Ketvin, F.B.S. 


6. The Efficiency of Transformers. 
By Professor W. E. Ayrton, F.R.S., and W. E. Sumpyer. 


7. Note on the Registration of Transformers. 
By Professor W. E. Ayrton, F.R.S., and E. W. Suirn. 


ei 
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8. Specific Conductivity of Thin Films. 
yy Professor A. W. Retnoup, F.R.S., and Professor A. W. Riicknr, F.R.S. 


The authors have found that the specific conductivity of liquids formed of soap 
and water, and containing a considerable proportion of glycerine and a small per- 
centage of a metallic salt, is the same whether the liquid is in large mass or is 
drawn out into a film not thicker than one two hundred thousandth of an inch. 
This is not the case if the liquid be formed of soap and water only. In that case 
the specific electrical conductivity increases as the film becomes thinner, until for 
_ the thinnest films which have been observed it is about seven times greater than 
in a large mass of the same liquid. Newton observed in very thin films (which 
appear black) two shades corresponding to two different thicknesses. The authors 
find that this phenomenon is only observed when the liquid consists of soap and 
water only, and they have some reason to believe that the ratio of the thicknesses 
corresponding to the two tints is about two to one. 


<a 


9. Some Experiments with a Ruhmkorff Coil. 
By Maenus Mactan, M.A., F.R.S.H., and ALEX. Gat, B.Sc., F.R.S.E. 


The quantity of electricity induced in a secondary circuit by a make in a 
primary circuit is equal to the quantity of electricity induced in the same secondary 
by a break in the primary. This fact was first experimentally proved by Faraday, 
and subsequent experiments and theory corroborate the statement. If, however, 
there is a non-metallic gap in the circuit, whether of air at ordinary pressure or 
at much reduced pressure, as in vacuum tubes, the break impulse causes 
a flow in one direction, and the make causes either no flow, or a much 
less flow in the opposite direction; because the short intense impulse 
of the former breaks down the resistance, while the comparatively long and 
less intense impulse of the make either does not break down the resistance at all, 
or only does so to a much less degree, so that the effective resistance is much 
greater in one direction than in the other. To obtain the averaye difference of 
quantity of electricity set in motion in one direction above that in the other a 
copper electrolytic cell was put in circuit with a vacuum tube and the secondary 
coil of a small Ruhmkorff coil. The solution in the cell was sulphate of copper of 
density 1:17 with one-half per cent. of commercial sulphuric acid added. The 
electrodes were No. 86 B.W.G. copper wire [0:0102 centimetre diameter]; and 
they were immersed in the solution as little as possible so as to get the best current 
density for the deposit. The mean of seven experiments lasting from two to four 
hours gives the average electrolytic current, calculated from the gain of the cathode 
electrode, as one-sixth of a milliampére. The gain of the cathode electrode was, 
in six of the seven experiments, greater than the loss of the anode electrode. 
An electrolytic cell was also put into the primary, and the mean ratio, in three 

_ experiments, between the gain of the cathode in the primary and the gain of the 
cathode in the secondary was 6,000. The mean current in the secondary was still 
: about one-sixth of a milliampére. 

Two experiments were also tried without a vacuum tube in the secondary 
f cireuit—simply the electrolytic cell. Both electrodes showed loss. Again, a long 
thermometer tube full of sulphate of copper solution was substituted for the 
yacuum tube. The resistance of this tube would be comparable to that of the 
yacuum tube. [A Thomson. multicellular electrometer which was put at the 
terminals of the vacuum tube showed 165 volts. This would give the effective 
resistance of the vacuum tube to disruptive discharges as 165~,;555-=1 megohm. | 
_ The few experiments made with this thermometer tube in the circuit are inconclu- 
_ sive, as sometimes both electrodes showed loss, and in an experiment lasting five or 
six hours neither electrode showed either gain or loss. These last experiments are 
to be continued, with slight modifications. It is also intended to attach a tube to 
an exhaust pump, and try these electrolytic experiments at different pressures from 

atmospheric pressure down to very low pressures. 
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10. A Contribution to the Theory of the perfect Influence Machine. 
By J. Gray, B.Sc. 


The theory of the perfect influence machine has been shown by Clerk Maxwell 
to be analogous to Carnot’s theory of the perfect heat-engine. Maxwell points 
out there is a loss of energy in the ordinary influence machine through sparking at 
the contacts, which would render the machine inefficient even though losses from 
leakage and the like were completely done away with. Maxwell has described a 
machine in which sparking and the loss due to it are eliminated. This is dune by 
causing the carrier of electricity always to make contact with charging and dis- 
charging conductors when the former is at the same potential as the latter. In 
the case of the discharging conductors this is done by prolonging the contact 
springs to meet the carrier. In case of the charging conductors this is not sufficient ; 
it is necessary to surround the end of their contact springs by two additional con- — 
ductors charged to an equal and opposite potential, and of such a capacity as will 
just reduce to zero the potential of the small quantity of electricity left from the 
previous discharge. These additional conductors were called by Maxwell regene- 
rators, as being analogous to regenerators in the heat-engine. 

The object of the author is to investigate the efficiency of an influence machine 
constructed according to Maxwell’s design, and other designs less perfect. This is 
done by drawing a @ Vv (quantity-potential) energy diagram for one revolution of 


the carrier. The results obtained are as follows :— 
Theoretical efficiency 


Maxwell’s machine. é - ; ; : ; i 
f 95 without regenerators 1 
1+ ee 
Q 
F » without long contacts on receivers 2 
a 5 without regenerators and without 
long contacts on chargers . 4 
1h+ 8 
Q 
Ordinary machine with all contacts points : en = 
a 
1} a 
TANG 


where @= quantity received or discharged by a carrier in each revolution. 
v=the potential (numerical value) of the positive or negative receiver. 
v= the potential of the residual charge to be reduced to zero by the regene- 
rator. 
a=the part of the carrier’s capacity due to its not being completely sur- — 
rounded by the discharging conductor. 


The conclusion is that the regenerators are of much less importance than the 
long contacts in adding to the efficiency of an influence machine. 


SATURDAY, AUGUST 6. 
The following Papers and Reports were read :— 
Department I.—Puysics. 


1. Sources of Heat generated in the Galvanic Battery. 
By Maenus Macunay, M.A., F.R.S.E. 


These experiments were suggested by a paper read by Lord Kelvin to the 
British Association in Belfast in 1852, and reprinted in ‘ Mathematical and Physical 


Oe 


il a en 
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Papers,’ art. lv. In that article it is stated ‘that a feeble continued current, 
passing out of an electrolytic cell by a zinc electrode, must generate exactly as 
much more heat at the zinc surface than the same amount of current would 
develop in passing out of an electrolytic cell by a platinum electrode, as a zinc 
platinum pair working against great external resistance would develop in the 
resistance wire by the same amount of current.’ 

In the first set of experiments two equal and similar glass vessels were used 
with about 500 c.c. of dilute sulphuric acid in each. The pairs of elements were 
4n, Zn; Zn, Pt. The rise of temperature, due to currents of from 4 to 14 milli- 
ampéres, obtained from the Smee cell, was observed at intervals of a few minutes 
for about four hours. There are many sources of errors in this mode of experi- 
menting, but generally the rise of temperature of the Zn, Zn cell was greater 
than that in the Smee cell. In some of the experiments the Smee cell showed a 
higher rise of temperature ; but this latter result is no doubt due to local causes, 
such as polarisation, &c. 

In the second set of experiments a current of 39 milliampéres was obtained 
from the Smee cell, and in every case the rise of temperature of the Zn, Zn cell 
was greater than the rise of temperature of the Smee cell, and the average rise 
corroborates the statement of Lord Kelvin quoted above. 

In the third set of experiments the two elements in each cell were separated 
by a piece of blotting-paper, and four thermometers used to indicate the rise of 
temperature at each electrode. It was found that the rise of temperature at the 
zine anode plate was greater than at the zinc cathode. 

In another series of experiments with four cells containing dilute sulphuric 
acid in which the pairs of elements were Zn Zn, Pt Pt, Pt Zn, Zn Pt, currents 
from an external source of 3, 1, and 2 ampéres, were allowed to flow for about an 
hour, and the rise of temperature in each cell recorded. Tables of results are 
given showing that the rise of temperature in the cell in which the current flowed 
from platinum to zinc is in every case higher than the rise of temperature in the 
cell in which the current flows from zinc to platinum. Taking the average of a 
number of experiments fairly agreeing among themselves, it is found that the 
mean rise of temperature in the four cells above the rise of temperature of the 
laboratory is— 

< Direction of Current. 


= Eds | Bes | Be Z. | ZB. | 
1 hour 4 ampére A . | 045 | 06 0°53 1:07 mean of 3 experiments 
40 mins. 1 of 2 -| 0-45 | 0-75 | 06 1:37 ab 3 x 
lhour 2ampéres. sp lle o 3:98 | 2:53] 4:98 4 Ss | 


Mr. George E. Allan, Thomson Scholar in the Physical Laboratory of the 
University of Glasgow, has carried out the greater number of the later 
experiments. 


2. On the Electric Conductivity of Bismuth and Copper in Magnetic Fields. 
By Dr. W. Pevoig, F.R.S.H. 


3. The Application of Interference Methods to Spectroscopic Measurement. 
By Professor A. Micugetson.—See Reports, p. 170. 


4. Photographs of Electrical Discharges. 
By A. A. CAMPBELL SwINTON. 
The photographs exhibited were all obtained without the employment of any 
lens, and were produced by merely causing the electric discharges to take place 


1892. TT 


642 REPORT—1892. 


across the sensitive surface of ordinary gelatino-bromide dry plates. Discharges: 
(1) from a Wimshurst influence machine, (2) from an induction coil, and (3) from 
a Tesla high-frequency coil were among those shown. The entirely distinctive 
character of figure produced by positive and by negative discharges respectively 
was very noticeable in all the photographs, the former being of an irregular 
description somewhat resembling some forms of seaweed, the latter forming 
straight lines or sweeping curves with feather-like extremities. In fact, while the 
negative figures point to something of the nature of momentum in the discharge, 
and give the idea of a stream issuing from the electrode and splashing over the 
surface of the glass, the positive figures, on the other hand, seem more nearly 
allied to streams flowing from the glass to the electrode and sucking from all 
portions of the plate. A remarkable similarity was noticeable between some of 
the figures and organic forms, such as some descriptions of seaweed in the case of 
the positive, and feathers or palm-leaves in the case of the negative. The figures 
in fact present another curious instance of the remarkable manner in which under 
favourable conditions inorganic matter will assume the structural forms generally 
associated with organic life. The figures appear to be accurate representations of 
the actual discharges produced by the ordinary photographic action of the lumino- 
sity of the latter, and the gelatine film seems to have no appreciable effect in 
altering the form of the discharges, which are the same as those obtained on 
plain glass. 


5. Slow Oscillations produced on discharging Electric Condensers of great 
Capacity. By James H. Gray, M.A., B.Sc. 


About the end of last winter Lord Kelvin asked the author to try to obtain 
oscillations on the discharge of a condenser through inductive resistances which: 
would be slow enough to be observed by means of a mirror-galvanometer. For 
that purpose use was made of a set of eleven large condensers (total capacity about 
140 microfarads) which are in the Physical Laboratory of Glasgow University. 
The capacity being so large, the author hoped to be able to detect oscillations of 
periods comparable with one second without making the ratio of damping in- 
conveniently great. Applying the now well-known differential equation— 

Cog Ridge © es 

de °L @* One” 
where the symbols have their usual meaning, we see that, in order to get slow 
oscillations, the resistance of the discharging circuit must be as small as possible 
compared with its self-induction, and the capacity of the condenser as great as 
can conveniently be made. The author endeavoured to obtain these conditions, 
and succeeded in so far that, though the ratio of damping was considerably 
removed from unity, it was found possible to record at least three semi-oscillations. 
on each discharge. When the frequency of the oscillations is very great (for 
example, about 10,000 sper second, as in the experiments of Feddersen, Paalzow, 
Blaserna, and others), it is very easy to make the ratio of damping practically 
unity; but when the frequency is only two or three per second, this is very 
difficult, and the only way to obtain results is to make the capacity and self- 
induction as large as possible. In order to obtain a high self-induction, a large 
electro-magnet which formerly belonged to a dynamo was used as part of the 
discharging circuit. The diameter of the iron core was 13 centimetres, the- 
length of each coil of wire being 283 centimetres. There were on each coil about 
44 lbs. of No. 20 B.W.G. covered copper wire, 7,300 turns, and 28 layers, the 
outside diameter of the coils being 18} centimetres. The resistance of each was 
about 95 (B.A.) ohms. Jt was found difficult to adjust the mirror galvanometer 
to detect the oscillations, but they were observed by means of a telephone of low 
resistance, and distinctly seen when, at the suggestion of Mr. C. T. Littlewood, B.Sc., 
a thin strip of sheet iron was placed with one end about 5 millimetres from one 
pole of the magnet, so as to vibrate freely. At each semi-oscillation the sheet 
iron was attracted. To prove that this was not due merely to the free period 
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Electric Oscillations. 


A 


1, One magnet-coil only, in discharging 6. Both magnet-coils in discharging circuit. 
circuit. 
2. One magnet-coil and 10 ohms (wound 7. Both magnet-coils and 10 ohms (wound 
anti-inductively ). anti-inductively). 
3. One magnet-coil and 100 ohms 8. Both magnet-coils and 100 ohms 
(wound anti-inductively). (wound anti-inductively). 
4, One magnet-coil and 145 ohms 9. Both magnet-coils and 145 ohms 
(wound inductively ). (wound inductively). 
5. One magnet-coil and 293 ohms 10. Both magnet-coils and 1000 ohms 
(wound anti-inductively). (induction small). 


11, Free vibration of pendulum. 


rr 2 
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of the strip, the latter was clamped at different distances from the end, and this 
was found to make no difference in the time which elapsed between each attrac- 
tion as long as the discharging circuit was not altered. When, however, the 
resistance was increased without correspondingly increasing the self-induction, the 
time between successive attractions was diminished. In order to obtain a perma- 
nent record of these attractions, the end of the strip was placed in contact with 
sooted paper, which revolved uniformly on a small roller rotating about a vertical 
axis. The results obtained showed usually three attractions, and showed very 
clearly the effect of including more resistance and more self-induction, with 
one or both coils of electro-magnet. This method, however, did not demonstrate 
that there was actually a reversal in the current at each semi-oscillation, and 
therefore it was abandoned. The recording apparatus of a siphon-recorder was 
then used, but it was found to be too delicate for the rough apparatus employed. 
Ultimately a long thin permanent magnet was fixed so as to vibrate, with one end 
over a pole of the electro-magnet. By this both an attraction and repulsion could 
be registered.. The tracings shown give the compound harmonic motions made up 
of the free vibrations of the permanent magnet and of the oscillations. The 
different tracings show the effect of having both coils in the circuit and of in- 
cluding extra coils, some being wound non-inductively and some inductively. 
The free vibration of the magnet is also shown. The charging potential was about 
90 volts. This method and the curves are, of course, not intended to be used for 
quantitative purposes, but are given simply as a verification of the theory of the 
oscillatory discharge, and as of interest on account of the oscillations being so 
slow. 


6. Inducto-Script. By Rev. Freprricx J. Surrn, M.A. 


The well-known breath figures of Méser, Riess, and Karsten suggested to the 
author the idea of producing similar figures on photographic plates; in 1878 an 
experiment to determine the action of a discharge from a coin on to a photo-plate 
was tried. The image was produced on development, but very imperfectly. 
During the last two years an inductorium or transformer has been under constant 
trial. It occurred to the author that probably its high potential might be used to 
produce figures similar to those of Karsten: plates of glass were cleaned with care, 
and operated on in the way suggested by Karsten, but no results were to be got 
out of it; probably the potential difference was not great enough. , 

A photo-plate was used in the place of the glass, and on development the 
exact pattern of the medal used was produced; this showed that a potential 
difference, greatly under that of a jar discharge, or that of an electrical machine, 
would upset the chemical equilibrium of the photo-plate. Several factors appeared 
to be contributing to the result—the potential difference, the gas in which the 
experiment was performed, the pressure under which the experiment was done, 
the temperature, and the history of the plate previous to the experiment. 

It is to be noticed in reading the work on breath figures by Grove and Karsten 
that Grove tried to set the image by coating an electrised plate with collodion and 
nitrate of silver, and then developed out the word Volta (Grove, ‘Correlation of 
Physical Forces, 1870, p. 404, § 4). He did not let the electrical discharge to act 
on the silver salt. Again, Karsten did not succeed in producing a fixed picture on 
a daguerreotype plate. He writes: ‘If an iodised plate is taken, and a picture 
produced thereon, the vapour of mercury will not bring it out, although the image 
is really on the plate, as may be shown by breathing upon it.’ Méser appears to 
nate got out pictures by means of water vapour, but they were not permanent 
effects. 

Summary of results :— 

I. The different gases used were oxygen, carbonic acid gas, air, coal-gas. Far 
the best results were obtained in oxygen. Experiments with other gases are now 
being made. 

II. The effect of pressure. No picture could be obtained in a good vacuum, 
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only the circular shape of the coin; as the pressure increased towards the normal 
the pictures became more perfect. 

III. The output of the transformer was regulated by resistances put into the 
primary circuit, also by the rate at which the reversing commutator was driven ; 
the reversing commutator is similar to those used in the early Siemens machine, 
and driven from a belt in the laboratory. 

IV. The temperature varied between 5° C0. and 100°C. Perhaps the effects 
may have been produced more quickly at the higher temperature, but no very 
significant change was apparent. 

VY. Similar experiments are about to be performed in many other gases, and 
under considerable pressure, up to 10 atmospheres. 

VI. In addition to pictures on photo-plates, good impressions have been 
obtained on bromide paper and other papers direct. Pictures can easily be got 
from woodcuts after they have been well covered with plumbago and other 
conducting substances. 

VII. Impressions can be produced upon photo-plates which have been exposed 
to full sunlight previous to an inducto-script experiment. The development of the 
electrical picture appears to be independent of the condition of the plate due to 
light. Thus an ordinary photograph and an inductograph may be produced on the 
same plate. 

VIII. In some cases the plate, on which a good image was formed, was, very 
carefully insulated, so that it was as far as possible only subject to a quickly 
changing potential difference. 

IX. In one experiment a metal pointer was attached to the coil of a siphon 
recorder, and nearly touched a ribbon of bromide paper; on development the 
trace was evident. The experiment is now being repeated, under somewhat altered 
conditions, to determine the speed at which such signals can be made perfectly. 


7. Ona Periodic Effect which the Size of Bubbles has on the Velocity of their 
Ascent in Vertical Tubes containing Inqud. By Frep. T. Trovron, 
M.A., D.Sc. 


An account was given of some determinations made of the velocity with which 
bubbles of air of different sizes ascend vertical tubes containing water. The chief 
peculiarity brought out by these experiments is that the velocity of ascent is a 
periodic function of the size of the bubbles. The form of the curve, obtained by 
plotting the size, z.e., the volume of the different bubbles used as abscissee, and the 
corresponding values of the velocity of ascent as ordinates, was exhibited. This 
showed that at first, as would be expected, increase in size diminished the velocity, 
but that on reaching a certain size the velocity begins to increase in value, then 
comes to a maximum (in value about twice that of the minimum velocity), after 
which it again diminishes, and so on two or more times, depending on the diameter 
of the tube employed. The oscillations in the curve die out in much the same 


- fashion as that for a pendulum swinging in a viscous medium. The form taken by 


the bubbles was also described, being almost spherical at the first minimum ; 
beyond this*the bubble is pointed at top, and is so until reaching the second 
minimum, when it is again rounded at top, and has a waist-like appearance, 
having thus a somewhat dumbbell shape, and so on, presenting in this way 
similarities to the breaking up of a liquid column through surface tension. 

Experiments were described where liquids which do not mix with water were 
employed instead of air—such affording more simple conditions. Also some 
experiments similar to those with water, but made with other liquids. 


8. Experiments on Flame Spectra. 
By Professor ArtHuR SMITHELLS, B.Sc. 


The author exhibited his apparatus for separating the two cones of combustion 
which constitute a Bunsen flame, and showed how it afforded a means of ascer- 
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taining which part of the flame took part in the production of the spectra observed 
when metallic salts are introduced into non-luminous flames. The main conclusion 
derived was, that spectral effects are dependent, in the cases investigated, on 
radiations produced during chemical change, and not to molecular vibrations 
induced by external heating. An experiment was shown in which a spray of a 
solution of a copper salt was introduced into the two separated cones of a non- 
luminous flame. Decomposition of the salt took place in the inner and hotter 
cone without the production of a spectrum, whilst the products of decomposition 
on reaching the outer flame tinged it a brilliant green. This spectrum was thus 
shown to depend on chemical action, and not merely on external heating, the 
action in this case being evidently the formation of copper oxide. The formation 
of copper chloride, which could be effected by introducing a thread of asbestos, 
moistened with hydrochloric acid, into the outer cone, gave a beautiful blue 
colour. Gold chloride similarly employed was decomposed also in the lower cone 
without producing a spectrum. The separated gold passed into the upper flame, 
which was fainily tinged; but if a little hydrochloric acid were introduced, a 
beautiful green colour (due to gold chloride) was observed. The action between 
gold and hydrochloric acid at a temperature above that at which gold chloride 
dissociates, and below that at which hydrochloric acid dissociates, seemed highly 
anomalous. ‘The author did not wish at present to draw any final conclusions, but 
considered that his experiments disclosed the necessity for a thorough study of the 
chemical reactions taking place when metallic salts are producing spectra in non- 
luminous flames. 


DEPARTMENT II.—MATHEMATICS. 


1. Models of Mathematical Surfaces. By Professor A. Crum Brown, 
F.RS., F.BS.E. 


The models exhibited were :—(1) Two in plaster of Paris of surfaces with a 
cubic and biquadratic equation respectively. (2) Of a surface described by a 
generating line always at right angles to a tangent at a point on a fixed circle. 
The point moves round the circle at an angular rate twice that at which the 
generating line turns about the tangent, so that the two sides of the surface are 
continuous. The surface contains, besides the generating lines, two straight lines, 
viz., the axis, z.e., the line through the centre of the circle at right angles to its 
plane, and the intersection, z.e., the straight line in which the surface cuts itself. 
(8) A number of models showing how three interlocked surfaces may be applied to 
(@) a cylinder and (4) an anchor ring. 


2. Interim Report of the Committee on Tables of Mathematical Functions. 


The Committee intend to present a report at the next meeting of the 
Association. 


3. Interim Report of the Committee on Tables connected with the Pellian 
Equation. 


The Committee intend to present a report at the next meeting of the 
Association. 


4. Note on the Glissettes of an Ellipse and of a Hyperbola. 
By Professor P. G. Tart, Sec.B.S.H. 


The author exhibited metallic discs constructed for the purpose of illustrating 
the singular theorem that the curve, described by any point in the plane of an 
ellipse, which slides between rectangular guides, can be described by a definite 
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point in the plane of a corresponding hyperbola which slides between rectangular 
guides, generally inclined to the former. 

The theorem takes a curiously interesting though obvious form in the simplest 
case, viz., when the ellipse is a finite straight line; and then the apparatus also 
takes a correspondingly simple form. 


5. A Curious Point Oonnected with the Parallel Axiom. 
By Professor Curystat, 


6. On Conjugate Circle Groups. By Lieut.-Colonel Attan CunnincHaM, 
R.E., Fellow of King’s College, London. 


When three circles whose centres are Q, , 2’ are coaxal, and are placed so 
that @ bisects the distance © Q’, the two circles Q, Q’ are said to be conjugate with 
respect to the circle ». With several conjugate pairs it is shown that— 

1. The join of the centres of two non-conjugate circles is equal and parallel to 
the join of the centres of their conjugates. 

2. The radical axis of two non-conjugate circles is also that of their con- 
jugates. 

3. The radical centre of any three circles is also that of their conjugates. 

A group of four conjugate pairs of circles, arranged in a certain way about a 
triangle ABC, is styled a Bi-conjugate Quartett. Take as example the eight 
circles which cut three given circles A, B, C, orthogonally or diametrally. 

In this case, in general, the twenty-four pairs of non-conjugate circles have 
only nine radical axes, and the fifty-six triplets of circles have only thirteen radical 
centres; the sides and vertices of the triangle ABC are the most important, 
each side being the radical axis of four pairs, and each vertex the radical centre of 
eight triplets. 


7. A Method of Finding the Logarithms of Large Numbers. 
By Rey. Dr. T. Suiru. 


MONDAY, AUGUST 8. 
The following Reports and Papers were read :— 


1. Report of the Committee on the Ultra-Violet Rays of the Solar Spectrum. 
See Reports, p. 74. 


2. On the Construction of the New Physical Laboratory at Groningen, Holland. 
By Professor P. H. Scuoure. 


3. Interim Report of the Committee on Measuring Optical Constants. 


4. On a Method of Determining Thermal Conductivities. 
By Cuaries H. Lezs, M.Sc. 


This method has been designed to determine the conductivities of liquids when 
only small quantities are available. It follows closely the definition of conduc- 
tivity. A cylinder of thin copper, about 3 cm. diameter and 4 cm. high, has a 
copper base 3 mm, thick, and 1s filled with water in which is placed a coil of wire 
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through which a current of electricity can be sent. Below this cylinder is placed 
another provided with a copper disc at the top, this cylinder being kept cool by 
the passage of a stream of cold water through it. Between the two copper discs 
comes the layer, about 1 mm. thick, of the liquid the conductivity of which is to be 
determined. The temperatures of the copper discs are determined by means of 
thermo-junctions. A current is sent through the heating coil till the temperature 
of the heating cylinder, as indicated by a thermometer in it, is about 5° above that 
of the cooler. By adjusting the current through the coil this temperature excess. 
can be maintained for any required time. The temperatures of the copper discs 
are during this time determined, and from their difference and the amount of 
energy supplied by the current to the heater, it would be possible, if there were 
no loss of heat due to radiation, to determine the thermal conductivity of the 
liquid between the discs. By another experiment this loss can, however, be deter- 
mined and subtracted from the total loss, and thus the conductivity found. In 
another form of the apparatus this correction is got rid of by surrounding the 
heater with an annular vessel, separated from it by a layer of non-conductor. 
This outer vessel is also provided with a heating coil, and by means of rheostats. 
in circuit the temperature of both heaters, as indicated by thermometers in them, 
is kept the same. The energy supplied to the inner heater is then merely that 
necessary to compensate the loss of energy due to conduction through the layer of 
liquid at the base of the cylinder, so that the conductivity of the liquid is readily 
found from the observations. 


5. Interim Report of the Committee on a National Physical Laboratory. 


6. A Discussion on a National Physical Laboratory was opened by 
Professor Oxiver J. Lopas, F.R.S. 


7. On Graphic Solution of Dynamical Problems. 
By Lord Ketvin. 


The method of drawing meridional curves of capillary surfaces of revolution, 
described in ‘Popular Lectures and Addresses,’ vol. 1., 2nd edition, pp. 31-42, and 
illustrated by woodcuts made from large scale curves, worked 


Fie. 1. out according to it with great care by Professor Perry when 
p a student in the Natural Philosophy Class of Glasgow 
al o-fk ~ University, suggests a corresponding method for the solution 


of dynamical problems. 

In dynamical problems regarding the motion of a single 
particle in a plane, it gives the following plan for drawing 
any possible path under the influence of a force of which 
the potential is given for every point of the plane. Suppose, 
for example, it is required to find the path of a particle pro- 
jected in either direction, with any given velocity, in any 
given direction through any given point P, (fig. 1). Calcu- 
late the normal component force at this point; and divide 
the square of the velocity by this value, to find the radius. 
of curvature of the path at that point. ‘Taking this radius 
on the compasses, find the centre of curvature, C,, in the 
line, P,K, perpendicular to the given direction through P,, 
and describe a small arc, P,P,Q,, making P,Q, equal to 
about half the length intended for the second arc. Calculate 
the altered velocity for the position Q,, according to the potential law; and, as 
before for P,, calculate a fresh radius of curvature for Q, by finding the normal 
component force for the altered direction of normal and for the velocity corre 


ee 
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sponding to the position of Q,. With this radius, find the position of the centre 
of curvature, C,, in P,C,L, the line of the radius through P. With this centre 
of curvature, and the fresh radius of curvature, describe an arc P,P,Q, making 
P,Q, equal to about half the length intended for the third arc ; calculate radius 


of curvature for Q,; draw an arc P,P,Q,; and continue the procedure. This 


rocess is well adapted for finding orbits by the ‘trial and error’ method described 
in my article ‘On Some “Test Cases” of the Maxwell-Boltzmann Doctrine 
regarding Distribution of Energy,’ sect. 13; ‘Proc. Royal Soc.’, June 11, 1891. 
The accompanying curve (fig. 2) has been drawn with great care, and with 
very interesting success, in the ‘trial and error’ method of finding the first and 
simplest orbit, by my secretary, Mr. Thomas Carver, for the case of motion defined 


by the equations 


Da = —yz 
dt? x 
d*y si 
a oe 


see 


The initial point P, was taken on one of the lines cutting the axes of x and y at 
45°, and at first at a random distance from the origin. A trial curve was worked 
according to the method described above, and was found to cut the axis of y at an 
oblique angle. Other trial curves, with unchanged energy-constant, were worked 
from initial points at greater or less distances from the origin, until a curve was 
found to cut the axis of y perpendicularly. This curve is one-eighth part of the 
orbit; and is shown in fig. 2 repeated eight times, in order to complete the orbit 
which is symmetrical on the two sides of the axes of x and y. 

As an interesting case of motion related to the Lunar Theory, suppose the mass 
of the moon be infinitely small in comparison with the mass of the earth, and the 
earth and sun to have uniform motions in circles round their centre of gravity. 
Let (a, y) be co-ordinates of the moon relative to OX in line with the sun, out- 
wards, and OY perpendicular to it in the direction of the earth’s orbital motion. 


The well-known equation of motion relatively to revolving co-ordinates gives, for 
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the equations of the moon’s motion, if a denote the distance from O (the earth) of 
the centre of gravity of the sun and earth, 


@x di b. dV 

op - 20 a o (a@+2)=— FF : : . 2 «3 
d’y dx 9 dV 9 
ae t 29 Gy ey agra . . ° = (2)5 


where V is the potential of the attractions of the sun and earth on the moon, 
and » the angular velocity of the earth’s radius vector. From this we find, for 
the relative-energy equation 


Gea + =) =H+ 40°(2? +y’)-V , - ee . (8), 
where E denotes a constant, and for the relative-curvature equation 
dad*y —dyd’x ge at i Ndz? ‘ 
(a2*+ dy? ) (a? + ay’)? dx*+dy? + . . - (4), 


where N denotes the component perpendicular to the path, of the resultant of (X,Y) 
with 
d 
X= w* (v¥ +a) — y : : ; : . ~~ JE); 
dV 
ee Sy epee 
Y= oy iy : A : - : oon aC) 


Hence if g denote moon’s velocity and p the radius of curvature of her path, rela- 
tively to the revolving plane XOY, we have 


tg =E+ iw (a?+y7)-V : A c as 
and 
—2 
i ey a . . t . . . ° (8). 
Pp q q 


Calling S the sun’s mass, and a his distance from the earth, and supposing the 
earth’s mass infinitely small in comparison with the sun’s, we have 


Ss =o7a . e . . . . (9), 


and therefore 
anise oa? m 
7 r 


[ray +y']? : 


where m denotes the earth’s mass, and r= 4/(2? + y”). 


— Re eee: 


Hence 
— V5 $o%(2a?— Yar + 2a*—y*) + ™ 5st RES: 


With this and with o=1 and m=6%, for simplicity in the numerical work which 
follows, we have 


Px _ dy_y_ oF; 12 
ip 2 re =21(2 3) 2 3 ‘ j « ((12), 
d’y dz bs ¢ 
ts “=Y=-y_. : 4 < a (1s 
at ae Lands (18), 
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From equations (12) and (13), G. W. Hill has, with four different values of E, 
found x and y explicitly in terms ¢, for the particular solution in each case which 
gives the simplest oré:t (relatively to the revolving plane XOY), of which the one 
which presents the greatest deviation from the well-known ‘ variational’ oval of 
the elementary lunar theory is a symmetrical curve with two outwardly pro- 
jecting cusps corresponding to the moon in quadratures. He supposed this to be 
the most extreme deviation from the variational oval possible for an orbit 
surrounding the earth. Poincaré, in his ‘ Méthodes Nouvelles de la Mécanique 
Céleste,’ 1892, p. 109, admiring justly the manner in which Hill has thus ‘si 
magistralement’ studied the subject of finite closed lunar orbits, points out that there 
are solutions corresponding to looped orbits, transcending Hill’s, wrongly supposed 
extreme, cusped orbit. Mr. Hill tells me that he accepts this criticism. The 
labour of working out a fairly accurate analytical solution for any of Poincaré’s 
looped orbits, by Hill’s method, would probably be very great. I have therefore 
thought it might interest others besides ourselves to apply my graphic method to 
the drawing of at least one of Poincaré’s looped orbits, in our Physical (and 
Arithmetical) Laboratory in the University of Glasgow. Fig. 3 represents a 
looped orbit, which has been worked out accordingly by Mr. Magnus Maclean, 
Chief Official Assistant of the Professor of Natural Philosophy from the equations 
(14), (15) above. 


8. Reduction of every problem of Two Freedoms in Conservative Dynumices, to 
the drawing of Geodetic Lines on a Surface of given Specific Curvature. 
By Lord Ketvyin, Pres.B.8. 


1. Any conservative case of two-freedom motion is proved to be reducible to a 
corresponding case of the motion of a material point in a plane. 

2. In plane conservative dynamics, with any given value for the energy constant, 
E, the resultant velocity, g, at any point (, y) is a known function of (2, y), being 
given by the equation 


gS Maen ao ree See LY 


where V denotes the potential at (x, y); and every problem depends on drawing 
lines for which fads (the Maupertuis ‘ action’) is a minimum. 

3. Considering any part, S, of the infinite plane, find a surface, S’, such that 
any infinitesimal triangle A’ B’ C’ drawn on it has its sides equal to 2 of those of 


qg 

a corresponding triangle A B C in the field, S, of our plane problem . YJ» denoting 
the value of g at any particular point (2, y,) in the plane. By the principle of 
least action we see instantly that the lines on S’, corresponding to paths on 8, are 
geodetic. Thus the adynamic case of motion of a particle on S’ is found as a 
perfect and complete representative of the motion on the plane surface S, under 
force with any arbitrarily given function, V, for its potential, and any particular 
given value, E, for the total energy of the moving particle. 

4, It is proved easily that the surface, S’, to be found according to §3, exists; 
and that its specific curvature (Gauss’s name for the product of its two principal 
curvatures) at any point is equal to 


9o'V" log g 
ee 


5. Examples are given of the finding of S’.. As one example, illustrating the 
practical usefulness of this method in dynamics, the problem of the parabolic 
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motion of an unresisted projectile is reduced to the drawing of geodetic lines on a 
certain figure of revolution of which the explicit equation, 


y= |dx/(e-1), 


is expressed in terms of elliptic functions. 


TUESDAY, AUGUST 9. 
The following Reports and Papers were read :— 


1. Report of the Committee on Electrolysis.—See Reports, p. 72. 


2. Report of the Committee on the Discharge of Electricity from Points. 
See Reports, p. 72. 


3. A Magnetic Curve Tracer. By Professor J. A. Ewine, F.R.S. 


The instrument traces complete curves for cyclic or other processes of magnetisa- 
tion. The material whose magnetisation curve is to be determined is arranged to form 
a magnetic circuit with a narrow gap in it, and in this gap a conducting wire is 
tightly stretched. A constant current passing along this wire causes it to sag up or 
down across the lines of force in the gap. Its movements, which are proportional 
to the magnetism of the magnetic circuit, are communicated to a mirror which is 
pivoted on a single needle-point, and is capable of being deflected in azimuth 
as well as in altitude. The sag of the wire gives the mirror movement in 
altitude. At the same time the mirror receives azimuthal deflection from another 
‘stretched wire, which is stretched in a narrow gap between the poles of another 
magnet. This second wire carries the variable current which is used to produce 
the magnetisation of the first magnetic circuit, and the magnetic field in which it 
is stretched is kept constant. Its movements are therefore proportional to the 
magnetising current of the main circuit. In this way the mirror receives deflec- 
tions in azimuth which are proportional to the magnetising force as well as deflec- 
tions in altitude which are proportional to the magnetisation. Complete curves for 
such operations as double reversal of magnetism are readily traced out, and may 
be photographed by allowing the spot of light to fall on a sensitive plate, or may 
be marked by following its movements on a sheet of paper with a pencil. The 
instrument allows all the phenomena of magnetic hysteresis to be examined with 
great readiness. The magnetic circuit which is under test is arranged in such a way 
that the specimens of metal composing it may be quickly removed and replaced by 
others. The instrument thus forms a practical magnetic tester capable of workshop 
use in determining the magnetic qualities of any samples of iron or steel. When 
the magnetic circuit is laminated the instrument allows magnetic reversals to be 
performed with sufficient speed to make the mirror trace out a continuous line of 
light upon the screen. For very high speeds a pair of independent mirrors may 
be preferred, arranged to give the beam of light its two components of motion by 
successive reflexion. The arrangement is equivalent to the combination of an 
extremely dead-beat galvanometer with an equally dead-beat magnetometer. The 
galvanometer portion may be used alone in cases demanding the use of a current- 
measuring instrument with a very high frequency of free oscillation; and by 
making the magnetic fields in both gaps constant, and sending variable currents 
through both the stretched wires, the relations of the currents as to period and 
phase may be studied. 

The instrument exhibited is sufficiently dead-beat to allow cycles of magnet- 
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isation to be gone through at any frequency up to twenty cycles per second without 
causing any serious disturbance of the diagram to arise from the inertia of the 
working parts, a continuous-current commutator being used to effect the reversals. 
The general character of the diagram is the same at this speed as at any lower 
speed. The presence of an air-gap in the magnetic circuit may be allowed for by 
giving the diagram which shows the relation of magnetism to magnetising force a 
shear backwards through such an angle as will compensate for the shearing effect 
of the air-gap. This can be automatically done in the magnetic curve tracer by 
placing the fixed point about which the mirror turns in such a position that the two 
components of motion are inclined not at right angles at an angle which exceeds a 
right angle by the amount of the shear that is required to rectify the diagram. 


4. On a Magnetic Balance and its Practical Use. 
By Dr. H. HE. J. G. pu Bots. 


This instrument is intended to afford an easy and reliable means of determining 
magnetic curves or hysteresis loops of materials used in machine construction. One 
test-piece is cut to 15 cm. length, and by means of a template is best turned down 
so as to have 1 cm.’ cross-section ; this obviates all further calculation. Its circuit 
is completed by two end-pieces and a massive yoke, excentrically supported; the 
resulting moment is compensated by weights sliding on a divided horizontal scale, 
on which the values of the magnetisation are directly read in absolute units. The 
value of the magnetising field is given by multiplying the current in the coil into 
ten. In plotting the results abscissee are measured from an ‘instrumental direc- 
trix,’ inclined towards the left from the axis of ordinates. The apparatus was 
eid to the Section, as well as half a dozen test-pieces, and the curves obtained 
for them. 


5. Report of the Conmittee on Electrical Standards.—See Reports, p. 132. 


6. On Wire Standards of Electrical Resistance. By Dr. St. Linpecx. 
See Reports, p. 139. 


7. On the Clark Cell. By Dr. K. Kantr.—See Reports, p. 147, 


8. A Discussion on the Nomenclature of Units was opened by 
Professor Ottver J. Lopan, F.R.S. 


[In connection with this discussion a report on units was read by M. C. E. 
Guillaume, This communication was ordered by the General Committee to be 
printed in extenso.—See Reports, p. 165.] 


9. On the Dielectric of Oondensers.! By W. H. Preece, F.B.S. 


Artificial cables are very useful adjuncts to the laboratory of the telegraph 
engineer. They not oniy enable him to experiment at his leisure, but they form 
very useful means to test and compare high-speed and delicate telegraph apparatus, 
and especially telephones. I have one, made some years ago, which has been in 
incessant use, composed of fifty-four inductionless coils of insulated copper wire, 
each giving 33 ohms’ resistance, and having a condenser of one microfarad capacity 


1 Lord Kelvin proposes to call this useful instrument a ‘Leyden,’ because the 
term ‘condenser’ is applied to other more appropriate mechanical and physical 
apparatus, 
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at the juncture of each pair of coils and one at the termination of the series, This 
represented a circuit of a total capacity (K) of 54 microfarads, and of a total resist- 
ance (R) of 1782 ohms, the KR being 96228. This was equivalent to an ordinary 
submarine cable of 162 nauts length. It was not sufficient for our growing wants, 
and another similar set was recently made, of the same dimensions and materials, 
and in the same way. But it did not give the same results. The resistances were 
exactly the same, but the individual capacities differed. This difference, of nearly 
5 per cent., was, of itself, of no practical consequence for the particular purpose 
for which the cable was constructed, but, on carefully comparing the two ‘cables ’ 
with telephones, it was found that with the same nominal Kr the one gave 30 per 
cent. better results than the other. This was a surprising and unexpected result. 
I thought it might be due to inductance, but none, neither self nor mutual, could 
be detected. 


The insulation, taken after one minute’s electrification, of each was :— 


Old cable 172°8 megohms per naut, 
New ,, 828 ” » 9 


so that the difference was in favour of the old one. But the electrification of the 
new one was much superior to that of the old one. The difference in resistance 
reading between the first and second minute of the former was th of that of the 
latter. 

Each cable was then rapidly charged and discharged 1,200 times, at varying 
rates, with an E.M.F. of 40 volts, and the cumulative remaining charge in each 
case read by deflection on a Thomson galvanometer. This was done by passing 
a 10-foot length of perforated slip through a Wheatstone’s automatic transmitter. 
The following are the results :— 


Number of Discharges Pee! Percentage 
per Second Difference 
New Old 

20 46 28 39 

40 86 55 36 

80 151 100 33 

120 200 136 32 

160 237 | 168 29 


This clearly shows that the effect is due to absorption. Electrification, polarisa- 
tion, and absorption are phases of electrolytic work done by the current upon the 
dielectric. The material is slightly decomposed by the leakage current, a counter 
E.M.F. is set up, which increases the apparent resistance (electrification), it gives a 
current of discharge reverse to that of charge (polarisation), it absorbs a quantity 
of electricity, the undissipated part of which is recovered as a discharge current. 
The condenser acts, in fact, like a secondary cell. 

We are now using better paper than formerly—that made from the best linen 
rags, thinner tinfoil, and better wax, the best refined unadulterated white paraftin, 
having a melting-point of from 125° to 128° F. Resin was formerly mixed with 
the wax, and when hot and liquid it was painted on the paper with a brush, The 
paper is now thoroughly dried, and well saturated with wax, by soaking under 
pressure, so as to get rid of all the moisture. Hence there is less electrification and 
less absorption, and consequently less retardation, and hence the superiority of the 
new ‘cable.’ In the old type of condenser we observed a variation of capacity due 
to temperature, but in the new type this has disappeared. This effect of absorption 
on the effective capacity of the condensers, and of insulated conductors, is new to 
me, and, as it may be new to many others, I have thought it to be of sufficient 
interest to bring it before Section A. 

It is a new term to be added to the equation of energy of compound circuits, 
and it has evidently a material influence upon the retardation of signals in long 
submarine cables. It has an equally important influence on the efficiency of tele- 
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phone circuits, and it accounts partially for the great difference in my KR law 
between the observed effects of aerial and those of subterranean, or submarine, 
conductors. The former are always much superior to the latter. This would be 
due to the absence of polarisation in air as well as to other electromagnetic and 
electrostatic causes. No work would be done on the molecules of air, no energy 
would therefore be absorbed, and no retardation of currents from this cause would 
ensue. An air dielectric is clearly the ‘ Holy Grail’ of the electrician. 


10. Harth-currents. By W.H. Preece, F.R.S. 


The year 1892 has been remarkable in the number and severity of those electric 
storms which interfere so seriously with telegraphic communication. Unfortu- 
nately, observations made upon them on working circuits are rarely reliable. Their 
arrival and departure are sudden; they come when they are least expected, and 
they occur in busy hours, when the wires are fully occupied with more remunera- 
tive currents, and when the staff is fully engaged. Their presence, duration, and 
relative intensity are so exactly coincident with magnetic disturbances that the 
recorded observations in magnetic observatories of needle variations may be taken 
to indicate the same elements of earth-currents also, but they do not give their 
direction or their absolute intensity. Their general direction is determined by 
the simultaneous observation of many circuits running in many directions, and 
noting the lines of maximum and those of no disturbance. This gives the position 
of the equipotential planes on the surface of the earth, and the intensity of the 
currents gives the difference of potential between these planes. 

I have not succeeded in obtaining definite facts to prove that these planes are 
“hist daye to the line joining the centre of the earth and the centre of the sun, 
but there is little doubt that it is so, for telegraph circuits running in this direction 
experience the maximum disturbances, while those running at right angles on the 
equipotential planes suffer no disturbance. Those that experience the maximum 
disturbance in the forenoon are not affected in the evening, and vice versd. 

The storms commenced on January 4, and they have been observed at frequent 
intervals since. 

The great storms occurred on February 13, March 12, April 24-27, May 18, 
July 16. 

The intensity of the maximum currents observed in England frequently ex- 
ceeded ‘045 ampére (or 45 milliampéres), which much exceeds in strength the 
working currents. Hence ordinary telegraph working was paralysed, and we had 
to resort to metallic circuits and to the use of condensers to maintain telegraphic 
communication. 

The effect of such currents on our railways might be positively dangerous, for 
they ring bells and reverse the block signals. 

045 ampére means ‘54 volt per mile, so that the equipotential planes differing 
by 1 volt would have been placed about two miles apart. 

These earth-currents, though variable, are always continuous, and give no in- 
dication of alternations. 

The simultaneous appearance of aurore shows that disturbances on the sun’s 
photosphere, as indicated by sun-spots, produce electrostatic and electromagnetic 
effects on the earth’s surface of enormous magnitude. 

; Sr appearance of earth-currents is invariably simultaneous over the whole 
globe. 

Observers abroad would benefit science if they would record the maximum 
strength, in milliampéres, of the currents received, the geographical direction of 
the terminal earths of the circuits affected and unaffected, the resistance in ohms 
of the circuits on which the currents are measured, and if they were to give the 
times of observation in Greenwich and not in local time. 
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11. On the Physics of the Voltaic Arc. 
By Professor Sttvanus P. THompson, F.#.S. 


12. Preliminary Note on the Temperature Variation of the Magnetic 
Permeability of Magnetite. By Howin H. Barron, B.Sc., and W. 
Wiuams, B.Sc. 


1. After being engaged for some time upon the ‘ Magnetic Survey of the 
United Kingdom,’ Professor Riicker put forward his ‘Theory of Terrestrial Mag- 
netism’ (‘Proc. Royal Soe.,’ vol. xlviii. June 19, 1890, ‘ Relation between 
Magnetic Permeability of Rocks and Regional Disturbances’), 

Inconnection with this theory it was desirable to ascertain the permeabilities of 
yarious rocks both at ordinary and high temperatures. 

The investigation referred to in the present preliminary note is an instalment in 
this direction. 

2. Professor Riicker proposed this undertaking, and indicated the plan to be 
pursued. It was then carried out under bis supervision at the Royal College of 
Science, London, as follows:— 

W. Williams worked out the theory of the method, calculated what coils would 
be suitable, and wound them accordingly. 

E. H. Barton arranged the apparatus, eliminated disturbances, took the 
observations, and plotted the results. 

3. For measuring the susceptibility of the magnetite the ballistic method was 
adopted. 

Since the specimen was to be exposed to high temperatures, the coil to receive 
it was insulated with asbestos paper, and wound upon a porcelain tube. The 
secondary coil was further insulated from the primary by two sheets of mica to 
obviate the probability of leakage between the two. 

The temperature of the magnetite, when heated, was estimated from the con- 
sequent H.M.F. of a thermo-electric couple of platinum and osmium-iridium. 


Fig. 1. 


1, 
My, 


M M, Specimen of magnetite; P and s, primary and secondary coils, heated by gas stove (not 
shown in figure); P’ and s’, compensating coils; B, battery; a, ammeter ; r, adjustable 
resistance ; K, a ‘ Pohl’s’ commutator ; Cc, compensating coil; G, highly sensitive low- 
resistance galvanometer. 


One of the junctions was round the specimen of magnetite, and the other in a 
beaker of water. This couple was first calibrated by placing one junction in 
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melting ice, boiling water, and sulphur vapour respectively, the other junction 
being meanwhile at ordinary temperatures. 

The arrangement adopted for obtaining the sulphur vapour and the tempera- 
ture assigned to it were those published by Messrs. Callander and Griffiths.’ 

4, The electrical connections used for measuring. the induction effects are 
diagrammatically represented below (fig. 2). 

5. Hight distinct disturbances were dealt with. Some of them were eliminated, 
others measured, and the necessary correction applied when deducing the true 
effect due to induction. 

6. The result obtained may be exhibited by a curve whose abscisse are the 
temperatures of the magnetite, and whose ordinates are proportional to the induc- 
tion effects due to its presence, the impressed magnetic field being constant. 

Commencing at ordinary temperatures, it is seen, from the curve, that the 
susceptibility for the specimen used rose gradually at first with increase of tem- 
perature, reached a maximum at 326° C., then fell away, being zero at 557° O. 


Fie, 2.—Curve showing the variation of the magnetic susceptibility of magnetite 
with temperature. Impressed magnetic field constant. 


Lem perwanres 


The sharp peak in the curve at 325° C., though apparently anomalous, was 
confirmed by a careful repetition of the measurements in that region. It cannot 
therefore be regarded as due to experimental errors. 

7. The impressed magnetic field (treating the primary solenoid as infinitely 
long) was 4°8 c.g.s. units. The actual field within the specimen of magnetite 
(when cold) was of the order 3°4 ¢.¢.s. units. 

8. The determination of the absolute values of the permeability for the various 
temperatures is not yet completed. When this has been done we hope to publish 
a fuller account of the methods and result of the investigation. 


13. On the Spectrum of Liquid Oxygen, and on the Refraction Indices of 
Liquid Oxygen, Nitrous Owide, and Ethylene. By Professor G. D. 
Liveinc, F'.R.S., and Professor J. Dewar, F.R.S. 


WEDNESDAY, AUGUST 10. 
The following Papers were read :— 
1. Interim Report of the Committee on Recalescence. 
’*On a Determination of the Boiling Point of Sulphur, and a Method of 


Standardising Platinum Resistance Thermometers by reference to it’ (Proc. Roy. 
Soc., Vol. xlix., Dec. 18, 1890, p. 56). 
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2. The Magnetic Curve. 
By the Rev. F. J. Suira, MA. 


By the ‘magnetic curve’ is here meant a stream-line in plane space due to a 
source and an equal sink, or to two equal sources. The author gives a short 
description of a method for drawing it by the use of linkages, Suppose that the 
source and sink are in a horizontal line at distance a apart. Attach two strings of 
equal length—one to the point at which the source is fixed, another to the point at 
which the sink is placed. Attach the other ends of these strings to the ends of a 
rod, whose length is equal to a, which can move in a horizontal line—the one 
string being attached to those ends of the two equal lines of length a which are 
nearest together, while the other is attached to the extreme ends. If the middle 
points of the cords be now weighted, and the movable line of length a be slid along 
horizontally, the point of intersection of the lines proceeding from the source and 
sink traces the required curve. If the middle point of the cord attached to the 
near ends of the lines of length @ be attached to a string which passes round a 
pulley placed vertically over the middle point of the cord (so that the cord is 
stretched upwards instead of downwards) the intersection of the cord, which is 
attached to one of the fixed points, with the prolongation of the other cord, which 
is attached to the other fixed point, traces a stream-line due to two equal sources 
placed at these points. 


3. Certain Volume Effects of Magnetisation. 
. By Professor Carcitt G. Kwort, D.Sc., F.R.S.E. 


Five tubes of Swedish iron and five tubes of Bessemer steel were made of the 
same length (45:7 cm.) and of the same external diameter (1:92 cm.). The tubes 
were distinguished in each case by number, No. 1 having the widest bore, and No. 
5 the narrowest bore. The diameters of the bores were in order, 3:19, 2:56, 1:93, 
1-40, and 0'7 cm. Lach tube was closed below, and into the upper end a nut 
screwed tightly, through a perforation in which issued a fine capillary glass tube. 
The nut was adjusted under water, so that the whole interior space of the metal 
tube was filled with liquid, and also part of the glass tube. When the tube was 
set vertically in the heart of the magnetising coil, the changes of volume were 
measured by the motions of the liquid meniscus in the capillary tube. These 
motions were observed by a powerful microscope. 

The changes of volume were observed as each field was applied and removed, 
first in one direction and then in the other. If this alternation of direction of field 
were not adopted the metal tube got into a magnetically biassed condition. This 
magnetic bias was particularly noticeable when the field applied was smaller than 
the field that had just been previously applied. After exposure to a high field the 
tube could be neutralised by reversals in the well-known fashion. 

In the following brief abstract of the broad effects, the iron tubes are named by 
Roman numerals, and the steel ones by Arabic, and the dilatation is rerarded as 
positive when the core space enlarges, and negative when it contracts. Nos. I, 1, 
and 2, show negative dilatations in fields lower than from 100 to 200 c¢.s. units, 
and positive dilatations in higher fields. Nos. IL, III., and IV. (all iron) give 
negative dilatations throughout, up to the highest fields used. No. V. begins with 
are dilatation in very low fields, but im moderate and high fields behaves like 

I, I11.,and IV. InIV. and V. the negative dilatation increases rapidly in high 
fields and shows no sign of reaching a limit up to a field of 1,400 units. No. 3 
(steel) begins with positive dilatation in low fields, and continues so throughout, 
approaching a limit as the 1,400 field is reached. Nos. 4 and 5 begin with positive 
dilatations, attain a sharp maximum, and above fields of 300 and 200 respectively 
show negative dilatations, which grow rapidly in higher fields as in the case of the 
iron tubes 1V, and V. In the following scheme are given the measured values 
(multiplied by 10’) of the dilatations for all the tubes in fields 100, 1,000, and in 
fields in which a maximum or minimum is obtained, if such a maximum or mini- 
mum exist. The values of these last-named fields differ for the different tubes, and 
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are not given ; but the scheme indicates where they come, whether below or above 
100. In no case were they higher than 200 or lower than 50. 


Tron Steel 
Field I Il Ill IV v 1 2 3 4 5 
(Max. or min.) |—5 + 2 |— 55 
100 —3 |-65 |— 85) — 4 | + 05) — 2 | -55|]— 2 | + 3:5) +115 
(Max. or min.) —8 —19 —5'5 + 35} +12 
1,000 +B) = 32) 17 —46 | —83 | +112 +6 —31 | —59 | —60? 


A few experiments were made on the external change of volume of a few of the 
tubes, which were inclosed in a thin-walled brass tube. The brass tube yielded 
because of its thinness, so that the results were not certain. But there was no 
doubt that with the specimens of iron tried there were large changes of volume. 
Joule’s nugatory result must have been peculiar to the kind of iron he worked 
with. 


4. On Polarising Gratings. By Dr. H. E. J. G. pu Bors. 


Very minute gratings made of silver wire of + millimetre in diameter 
were found to polarise transmitted light perpendicularly to the wires. The 
amount of polarisation was found within a certain range to be inversely propor- 
tional to the apparent width of the clear spaces, and to increase with the wave- 
length, reaching 15 per cent. in one case for red light. The same effect was found 
with gratings scratched into thin platinum films. In collaboration with Dr. 
Rubens, the author then extended these researches to heat radiations beyond the 
red. It was found that the perpendicular polarisation reached a maximum near 
A=100 microcentimetres ; thence diminishing and vanishing near \=200. For 
greater waye-lengths the polarisation became parallel to the wires, and went on 
increasing with A. The analogy of these phenomena with the polarisation of 
Hertzian radiations appears to be more than a superficial one. The authors by 
developing these preliminary experiments, by using still finer wires made of differ- 
ent metals and reaching longer waves, hope to contribute towards bridging over 
the considerable gap that still separates Hertzian electro-magnetic radiation from 
those radiations with which we are more intimately acquainted. 


5. An Estimate of the Rate of Propagation of Magnetisation on Iron. 
By Professor G. F. Firzgeraup, F.R.S. 


6. Remarks on the Early Rise and Progress of Electrical Illumination. 
By Dr. AtnxanpER K&ILunr. 


It was pointed out that in 1836 Mr. J. B. Lindsay, of Dundee, gave lectures 
on electricity accompanied with an exhibition of a constant electric light, 


7. Report of the Committee on Electro-optics.—See Reports, p. 157. 


8. On Dispersion in Double Refraction due to Electric Stress. 
By Dr. Jonn Kerr. 


This paper forms the appendix of the report on Electro-optics.—See p. 157. 
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9. Proof that Density of Illumination does not affect Absorption. 
By W. Pepoig, D.Sc. 


When parallel rays of light pass through a medium which exercises no 
absorptive influence, the intensity of the light is not diminished as it proceeds, 
When the medium is absorptive, it is assumed as a basis for the theory of radiation 
that if the intensity of the light be reduced in a given ratio on passage through a 
given thickness of the medium, it will be further reduced in the same ratio on 
passage through an additional equal thickness. There is strong indirect evidence 
that this assumption is correct. Professor Stokes suggested long ago a direct 
method of testing the point. In his method the light is reflected at nearly 
perpendicular incidence from the surface of glass, and two equal portions of the 
absorbing medium are used—one being placed in the course of one half of the 
incident light, the other in the course of the other half after reflection. Assuming 
that reflection is not affected by intensity, we thus get a direct test of the question. 
The author has used diverging light passing through two double-image prisms, a 
plate of quartz being interposed between them, and a lens being used for the 
purpose of proper definition. By rotation of one diprism, and by varying the 
thickness of the quartz, we can match closely any colour of the absorbing medium, 
and also get the complementary colour. One portion of the absorbing medium is 
inserted in the course of one ray, the other in the course of the similarly coloured 
ray, but at a different distance from the point of divergence. Surface-coloured glass 
was used in the experiments described. No difference of absorption was evident, 
although the intensity varied from one to 1,000, and a change of intensity alone 
(unaided by colour comparison) of one part in 100 could he detected. 


10. Physical Conditions of the Waters of the English Channel. 
By H. N. Dickson, F.R.S.E. 


Careful determinations of the value of Dittmar’s ‘D’ for numerous samples 
obtained at different seasons of the year show that the waters of the English 
Channel are uniform and constant in composition, at least as far east as the Isle of 
Wight. The mean value of D was 1:4550, a result in exact agreement with that 
found by Dr. Gibson for water collected in the Moray Firth, which he believed 
had come from the Atlantic. 

The normal distribution of temperature seems to be that in summer the coldest 
water, and in winter the warmest, is found in mid-channel—the difference 
decreasing in summer and increasing in winter as we go eastward. Excluding a 
thin surface layer, the temperature is nearly uniform at all depths. 

The principal exception to this rule occurs in the west of Start Bay, where a 
mass of water, cut off from the general tidal circulation, is subject to peculiar 
temperature conditions through the want of mechanical mixing. 


11. On the Analysis and Synthesis of Colour. By J. W. Lovisonp. 


12. On the General Laws of Energetics. By Professor W. OsTwALD. 


The mechanical law of the virtual velocities, or, more properly, of the virtual 
work, is only a special case of a much more general law, holding good for all 
forms of energy except radiant energy. The condition of equilibrium of every 
energetic system can be found by summing up the virtual or correlative variations 
of the various forms of energy and putting the sum equal to zero. In order to 
express these virtual variations each energy must be written as a product of two 
factors—its capacity and its intensity. 

As this calculus leads to the same results as those obtained up to the present 
by the application of the second law of thermodynamics, it is possible to prove 
that this second law is another case of the same general law of energetics, which 
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the author proposes to call the second law of energetics, the law of conservation of 
energy being the first law. This second law may be expressed in words in the 
following way: A perpetuum mobile of the second order is impossible. By a 
perpetuum mobile of the second order is meant an engine by means of which 
energy in equilibrium (e.7., heat of constant temperature, or electric energy of 
constant potential) could be converted into work or some other form of energy. 


13. On a Delicate Calorimeter. By J. A. Harxar, D.Sc., and 
P. J. Hartoa, B.Sc. 


The authors have devised a calorimeter similar in principle to the Bunsen 
ice-calorimeter, but in which the ice is replaced by pure solid acetic acid. This 
substance melts at about the normal temperature of rooms, and, moreover, yields a 
considerably larger volume change per calorie than ice. The instrument will, it is. 
hoped, prove specially useful for thermo-chemical measures with small quantities of 
material, and for physiological work. 


14. Some Notes connected with the Electromotive Force of a Secondary 
Battery. By Dr. J. H. Guavstons, F.R.S., and W. Hispert. 


It has been recently shown by the authors that the changes in E.M.F. in a 
secondary battery depend mainly on the strength of the sulphuric acid that is 
against the working surfaces of the plates. If both plates be immersed in the 
strongest acid the E.M.F. is 2°60 volts. On continuing the investigation the 
authors have just found that, while lead against lead peroxide in pure water 
gives 1°36 volt, lead in water against lead peroxide in the strongest sulphuric acid 
gives 0°32 volt, and lead peroxide in water against lead in the strongest sulphuric 
acid gives 0:89 volt. The sum of these is 2°57 volts, nearly the same as the figure 
given above. By Lord Kelvin’s thermo-electrical law it may be calculated that 
when both plates are immersed in the strongest sulphuric acid the E.M.F. will be 
2°62 volts, and when immersed in water 1:35 volt. This is in close agreement 
with experiment, For intermediate strengths, however, theory and experiment 
do not equally coincide. The authors are at present examining this point,‘and 
have found that the E.M.F. increases when the temperature rises, and they have 
made a determination of the temperature coefficient, using a 14-7-per-cent. acid, 
and find it 0-0136 volt per degree of temperature. 
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Section B.—CHEMICAL SCIENCE. 


PRESIDENT OF THE SEcTION—Professor Hureert McLxop, F.RS., F.C.S. 


THURSDAY, AUGUST 4. 


The President delivered the following Address :— 


In endeavouring to prepare myself to properly fulfil the duties of President of 
this section, to which I have been elected, and for which honour ] am much 
indebted to the council and members of the Association (although I am only too 
well aware that the position might have been more efficiently filled by many 
others), I naturally looked at the reports of the previous meetings held in Edin- 
burgh in 1834, 1850, and 1871, and it appears that on the first two occasions an 
address was not given by the President, a custom the discontinuance of which I 
have, at the present moment, much reason to regret. 

At the meeting in 1834 a committee was appointed, consisting of Dr. Dalton, 
Dr. Hope, Dr. T. Thomson, Mr. Whewell, Dr. Turner, Professor Miller, Dr. Gregory, 
Dr. Christison, Mr. R. Phillips, Mr. Graham, Professor Johnston, Dr. Faraday, 
Professor Daniell, Dr. Clark, Professor Cumming, and Dr. Prout, to report at the 
next meeting their opinion on the adoption of a uniform set of chemical symbols, 
Dr. Turner to be secretary. 

In the following year the report contains: ‘ Report of the Committee on 
Chemical Notation. Dr. Turner, the chairman of the committee appointed to take 
into consideration the adoption of a uniform system of chemical notation, made a 
report to the following effect :— 

‘1. That the majority of the Committee concur in approving of the employment 
of that system of notation which is already in general use on the Continent, though 
there exists among them some difference of opinion on points of detail. 

‘2. That they think it desirable not to deviate in the manner of notation from 
algebraic usage except so far as convenience requires. 

‘3, That they are of opinion that it would saye much confusion if every 
chemist would always state explicitly the exact quantities which he intends to 
represent by his symbols. 

‘Dr. Dalton stated to the Chemical Section his reasons for preferring the 
symbols which he had himself used from the commencement of the atomic theory 
in 18038 to the Berzelian system of notation subsequently introduced. In his 
opinion regard must be had to the arrangement and equilibrium of the atoms 
(especially elastic atoms) in every compound atom, as well as to their number and 
weights. A system either of arrangements without weights, or of weights without 
arrangements, he considered only half of what it should he.’ 
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We can all sympathise with the members of the Section of 1834 in their desire 
to obtain a uniform system of chemical notation, for at that time several very 
different systems seem to have been in use. Although the report is a short one, it 

robably directed the attention of chemists to the desirability of avoiding confusion 
i the use of various systems, and since that period many advances have been 
made. 

There is now little necessity for every chemist to ‘state explicitly the exact 
quantities which he intends to represent by his symbols’ for the accurate determi- 
nations of atomic weights by many chemists—and we must not omit to mention the 
work of Stas (whose death we have had to deplore since the last meeting of the 
British Association)—have given us a series of numbers which are in the hands of 
all chemists, so that, except in the cases where great refinement is requisite (or 
when the atomic weight has not been universally accepted) there is no need to 
state the values of the symbols. 

That great advances have been made in chemical notation is well known to all ; 
even in my own short experience I have had to learn several different methods. 
When I began to work at chemistry I was told that sulphate of lead was to be 
expressed by the formula PbO,SO,. Hofmann taught me that it should be PbSO, ; 
then Gerhardt doubled the atomic weights of oxygen and sulphur, and the formula 
became Pb,SO, ; Cannizzaro showed that the atomic weizht of lead should also be 
doubled, and the formula again became PbSO,, but representing twice as much as 
formerly; then Frankland taught me to write SO,Pbo” as the expression of the 
graphic formula— 


O WS: 
8 , pe 
O O 


\A 


which not only states that the compound contains 207 of lead, 32 of sulphur, and 
64 of oxygen, but that the sulphur is hexad, and is combined with two atoms of 
dyad oxygen, and with a dyad compound radical containing one atom of lead and 
two of oxygen; and of all the formule just given this is the only one which 
satisfies the requirements which Dalton thought necessary in 1835, namely, to 
indicate not only the weights of the elements present, but also their arrangement. 
It may be objected that we do not know that this formula really represents the 
arrangements of the atoms in plumbic sulphate, but there can be very little doubt 
that the four atoms of oxygen in the compound are not all in the same condition, 
for if we examine the properties of sulphuric acid (from which the sulphate of lead 
is derived by the replacement of the hydrogen by lead), we find that two of the 
atoms of oxygen are more closely associated with the hydrogen than are the other 
two, and as there is some evidence, although perhaps not very conclusive, that 
sulphur may be capable of combining with six monad atoms, although no such 
compound is yet known, it does not seem unreasonable to suppose that sulphuric 
acid is really — 


What the nature of the attraction that holds the atoms together may be is not 
known, but it is more probably of a character similar to that of gravity which 
holds together sun and planets than of the nature of cohesion which would hold 
the atoms rigidly together ; the atoms in each molecule are therefore most probably 
in a state of rotation around, or of vibration to and from, the central atom which 
holds them together. The pictorial representation in a plane does not therefore 
truly express the position of the atoms, but merely the relations existing between 
them, In organic chemistry the use of formule expressing such a relation has 
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become indispensable, and in inorganic chemistry I believe such a system is very 


useful. 

Recently this system has been found insufiicient for the requirements of organic 
chemistry, and recourse has been had to the figure of a tetrahedron to represent 
the atom of carbon, other atoms being attached to the solid angles; in this way 
the position of the atoms in space is more or less expressed. 

There are many cases, however, in which the atomicity theory fails us. At first 
it seemed probable that the atomicity of an element varied in pairs of attractions, 
that is, an element might be monad, triad, or pentad, but not dyad or tetrad; or it 


might be dyad, tetrad, or hexad, but not triad or pentad; but some great difficulties 


have been encountered. Thus nitrogen, which is pentad in ammonic chloride and 
triad in ammonia, forms the compound nitric oxide, NO, in which it would appear 
to be dyad; it has been suggested, however, that in this body the nitrogen is really 
triad, and that it possesses a ‘free bond.’ Now the idea of a ‘free bond’ seems 
contrary to the principles of atomicity, since it is on the belief that such a free 
bond is impossible that the explanation of the existence of elementary molecules is 
founded, for it is said that when hydrogen is liberated two atoms unite to form a 
molecule, so that their mutual attractions may be satisfied. Nevertheless nitric 
oxide is a very active body, uniting readily with other substances, so the free bond 
seems to be on the look-out for other kinds of matter, but to have no attraction for 
the free bond of another molecule of nitric oxide. As the molecule of nitric 
peroxide is variable by alterations of temperature, being N,O, at low and NO, at 
high temperatures, it seemed not impossible that at the ordinary atmospheric 
temperature nitric oxide was a simplified or dissociated molecule, and that if the 
temperature were sufliciently reduced it would be found that its molecule would be 
N,0,, and thus it would contain triad nitrogen without a free bond. The density 


_ of the gas has, however, been determined at a temperature as low as —78°. and 


the molecule is still NO. Another important exception to the variation of the 
atomicity of an element in pairs was furnished by the investigations of Sir Henry 
Roscoe on the chlorides of vanadium: this element, which, from analogy, should 
be a triad or a pentad, appears to form a chloride of the composition VCl,. Again, 
the molecule of peroxide of chlorine is ClO,, which would make chlorine a tetrad 
or the compound must have a free bond. 

Another set of phenomena which the atomicity theory will not explain is the 
existence of well-defined crystalline salts containing what is called water of crystal- 
lisation. This water is in many cases held with considerable pertinacity, the body 
appearing to be a veritable chemical compound. But water appears to be a 
saturated body, the attractions of the oxygen being satisfied by those of the 
hydrogen. It is true that water acts vigorously on other compounds, as on metallic 
oxides to form hydrates, and on some anhydrides to form acids; but these appear 
to be phenomena of double decomposition; thus the combination of water with 
sodic oxide and nitric anhydride respectively may be expressed by the equations 


OH, + ONa, = OHNa+ONaH and 
OH, + O(NO,), =OH(NO,) + O(NO,)H. 


In the combination of water with an anhydrous salt, a phenomenon often accom- 
panied by great rise of temperature, there doés not appear to be a double decompo- 
sition. That there is a chemical combination of some sort is shown by the changes 
of properties produced, crystalline form and colour being both sometimes altered. 
Compounds so produced have been called ‘molecular compounds’ to imply that 
saturated molecules are in some way or another combined, the combination being 
different from ‘atomic combination,’ in which the atoms are directly united accord- 
ing to their valencies. Another explanation has been suggested by assuming that 
there is some ‘ residual affinity ’ not saturated by the constituents of the body, and 
that this residual affinity enables bodies to unite in a less stable manner than in 
most compounds, But are not these terms—‘molecular combination’ and ‘ residual 
affinity ’—analogous to the term ‘catalysis,’ merely words to express—not to explain 
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—what we do not understand? If ‘residual affinity’ really exists, it must reside 
in the oxygen of the water, or in the hydrogen, or in both; if so, what will happen 
to some of the complex constitutional formule of the organic chemist in which 
the carbon is tetrad, the oxygen dyad, and the hydrogen monad? If any of these 
elements have a residual affinity should we not expect to find additional unions 
between some of the atoms of the same molecule over and above those repre- 
sented by the formula ? 

Oxygen may be tetrad, for which there is evidence in OAg,. Under these cir- 
cumstances water is by no means a saturated compound, and there would be no 
difficulty in explaining the combination of water with oxygen salts. Thus crys- 
tallised magnesic sulphate, MgSO,, 70H, or SOHo,Mgo”, 60H, would be— 
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Even alum, with its twenty-four molecules of water of crystallisation, may be ex- 


‘ 


7 


pressed by an appalling formula— 
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There is certainly a symmetry about the formula, and it will be found that sixteem 
of the molecules of water are in a different position from the remaining eight; this 
probably has no significance, although Graham found that crystallised alum ata 
temperature of 61° lost eighteen molecules of water; if he had used a temperature 
a few degrees lower he might have found that only sixteen passed off! 

By a little stretching of the imagination and altering the atomicities of the 
elements to suit each particular case, no doubt graphic formule might be made for 
all crystalline salts, but they would be perfectly artificial, and not much good is 
likely to come from the attempt. ove On 

T fear we are driven to the conclusion that, notwithstanding all the progress. 
that has been made in chemical science during the last fifty-eight years, we have 
not yet reached a method of notation that would have satisfied Dr. Dalton in 1834. 

But since that time we have learnt that our formule ought to show even more: 
than the number and position of the atoms of a compound; we should like them to 
indicate the amount of potential energy residing in a body, and our equations ought 
to indicate the amount of heat generated by a chemical change. Let us hope that 
before the next meeting of the British Association in Edinburgh these desirable: 
developments will have been accomplished. 

A short time ago I mentioned the word ‘catalysis’ as being employed to express. 
certain chemical actions which cannot be explained. It is applied to those pheno- 
mena which take place in the presence of a body which appears to be eutirely un- 
changed by the action. Happily these catalytic actions are being explained one 
after another, so that soon the name itself may become obsolete. An example of 
this action of presence may be given. When a mixture of sulphuric acid and 
alcohol is heated to a temperature of about 140° to 150° ether passes over. Now 
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alcohol contains O,11,0, and if from two molecules of alcohol one molecule of water 
is subtracted a molecule of ether results: 2C,H,O=OH,+C,H,,0. As sulphurie 
acid is known to have a great attraction for water, it is easy to imagine that the 
acid combines with the water and ether passes off. But it is found that a small 
quantity of sulphuric acid at the temperature of 140°-150° will transform a very 
large amount of alcohol into ether and water, much more than can be explained by 
assuming that the acid has combined with the water. If a mixture of sulphuric 
acid and alcohol is heated to a temperature of 140°-150°, and alcohol allowed to 
flow into the liquid, a mixture of ether and water vapours passes over, and after a 
large quantity of alcohol has been transformed the amount of sulphuric acid is 
found to be unaltered. At first glance this seems very difficult to explain, but on 
further investigation it is found that alcohol and sulphuric acid act one on another 
to form ethyl-sulphuric or sulphovinic acid— 


SO,Ho, + EtHo =SO0,HoEto + OH,. 


But when ethyl-sulphuric acid is heated with alcohol ether is formed with the 
reproduction of sulphuric acid— 


SO, HoEto + EtHo = OEt, + SO,Ho,. 


The sulphuric acid is then able to produce ethyl-sulphuric acid by acting on more 
alcohol, so a continuous production of ether and water takes place without loss of 
sulphuric acid. Another well-known action is the combination of oxygen and 
hydrogen under the influence of spongy platinum. In this case the platinum 
remains apparently unaltered, and is capable of causing the combination of any 
quantity of mixed gases. As spongy platinum possesses the power of absorbing 
large quantities of gases it is usually said that the molecules of oxygen and hydro- 
gen are so much condensed in the platinum that they are brought within the 
sphere of each other's attractions, and consequently combine. 

Another instance of an action of this kind is afforded by the oxidation of 
ammonia in the presence of chromic oxide, When ammonic dichromate is heated 
an evolution of gas occurs, and a residue of chromic oxide is left which bears a 
striking resemblance to a mixture of black and green tea; when some of this sub- 
stance is placed on a piece of wire gauze, heated and then supported over a vessel 
containing a strong solution of ammonia, the oxide glows, in a manner similar to 
the glowing of spongy platinum under the influence of a mixture of hydrogen and 
air. Under these conditions the chromic oxide facilitates the oxidation of the 
ammonia, but it becomes changed during the process ; instead of having the appear- 
ance above described it acquires a bright-green colour. Now, we know that 
chromium is capable of forming several combinations with oxygen. Is it therefore 
too much to suppose that the chromium is alternately oxidised by the oxygen of 
the air, and reduced by the hydrogen of the ammonia, so that, although in the end 
it has the same composition as at the beginning, nevertheless it has been con- 
tinuously decomposed and reproduced? Now, may not a similar change take place 
during the action of spongy platinum ona mixture of hydrogen and oxygen? The 
alteration of the platinum is very slight, but I believe I have observed a slight 
modification of the appearance of a fragment of spongy platinum that was kept 
glowing by a small jet of purified hydrogen for some hours; the gas not being 
allowed to burn so as to heat the platinum to a very high temperature, the metal 
appears to be compacted and to be covered by minute spherules of glistening metal. 
Now, may not the platinum have entered into combination with one or other of 
the gases and been subsequently reduced ? If this is the true explanation then we 
have in this case a continuous series of chemical changes and the ‘catalysis’ is 
explained. 

We all know the ease with which oxygen is obtained from potassic chlorate 
when heated with a small quantity of oxide of manganese: the quantity of peroxide 
is the same at the end of the process as at the beginning, and it may be used over 
and over again to assist in the decomposition of fresh potassic chlorate. The oxide 
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f manganese undergoes a molecular alteration ; if a crystalline variety is employed, 
t is found, at the end of the process, to have been transformed into fine powder. 

I hope I have proved to the satisfaction of my brother chemists that potassic 
permanganate is first formed and subsequently decomposed with the reproduction 
of manganese peroxide. 

Oxide of cobalt possesses the remarkable property of decomposing solutions of 
hypochlorites at moderate temperatures with evolution of oxygen. For some time 
I have been endeavouring to find the explanation of the change, but hitherto with- 
out complete success. At first it seemed probable that an unstable cobaltate, 
analogous to a ferrate, was formed and decomposed at the temperature of the ex- 
periment. In fact, oxygen is evolved when chlorine is passed through a boiling 
solution of sodic hydrate containing ferric hydrate in suspension. But no evidence 
of the existence of a cobaltate could be found. When a cobaltous salt is added to 
an alkaline solution of a hypochlorite a black precipitate is formed which is usually 
stated to be cobaltic hydrate, Co,Ho,, but Vortmann has shown that, when a 
cobaltous salt is mixed with a solution of iodine in potassic iodide, and the liquid 

rendered alkaline by sodic hydrate, the precipitate formed at a temperature between 
50° and 60° approaches in composition the dioxide of cobalt, CoO,. He also found 
that the precipitate lost oxygen at the temperature of boiling water. I have 
repeated some of his experiments, and can quite cunfirm them, although I have not 
obtained an oxide containing quite as much oxygen as his richest oxide. The 
oxides I prepared rapidly effected the decomposition of a solution of sodic hypo- 
chlorite, and that without undergoing any loss of oxygen themselves ; in fact, in the 
two experiments made the cobalt compound, contained a little more oxygen after 
boiling with the hypochlorite. 

We have now many instances of the influence which small quantities of sub- 
stances have upon chemical reactions. These influences may be more common than 
is generally supposed. The presence of a third body is frequently helpful in the 
combination of elements with one another: thus dry chlorine will not attack melted 
sodium or finely divided copper; an electric spark will not cause a dry mixture of 
carbonic oxide and oxygen to explode; carbon, phosphorus, and sulphur will not 
unite with dry oxygen; and as chemical science progresses we may find that many 
well-known actions are conditioned by the presence of minute traces of other 
matter which have hitherto escaped detection. We all know the profound altera- 
tions of the properties of substances by minute traces of impurities; less than one- 
tenth per cent. of phosphorus will render steel unfit for certain purposes, The 
sapphire and ruby only differ from colourless alumina by the presence of traces of 
impurities hardly recognisable by chemical analysis. During this meeting we 
hope to have a contribution to the Section on the influence of minute traces of 
what may be called impurities on the properties of different substances and their 
influence on chemical changes. 

> In this city, where the first public chemical laboratory was started in 1828 by 
_ Dr. Anderson, the assistant of Professor Hope, it is hardly necessary to insist on 
the extreme importance of teaching chemistry by practical work, but unfortunately, 
even at the present time, endeavours are made to teach the subject by means of 
lectures (sometimes without experiments) or by reading. Those who are ac- 

quainted with chemistry well know the impossibility (this is hardly too strong a 

word) of learning the science, especially in the first stages, without actual experi- 

ment, by which a practical acquaintance with chemical phenomena is obtained. 

The attempt to learn chemistry without practical experience reminds one of the 

well-known story (for the truth of which I will not vouch) of a mathematician 

who lectured on natural philosophy. He was visiting a foreign laboratory, and 
stopped before a piece of apparatus and asked what it was: on being told it was an 
air-pump he exclaimed: ‘Dear me! I have lectured on the air-pump for twenty- 
five years, and this is the first time I have seen one.’ It is problematical if his 
students can have derived much advantage from his lectures. Teaching of the 
kind to which reference has just been made is generally given to candidates for 
examinations who do not intend to take up chemistry as their chief subject. At 
the present time chemistry is required for entrance and preliminary examinations 
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from many classes of students. There is no doubt that it is an excellent means or 
education, teaching a boy to observe and draw conclusions from his observations ; 
but if he makes no observations it is little more than useless cram; the memory 
might as well be exercised by learning a novel by heart. 

This imperfect mode of teaching chemistry arises principally from the difficulty 
of obtaining properly appointed laboratories in schools, in addition to which the 
very strong fumes are sometimes disagreeable, making it inconvenient to have 
them in or near a house, to say nothing of the possible dangers to the clothes and 
their contents; but there is no help for it; the teaching must be accompanied by 
experimental demonstration, as was indicated in the reports on the teaching of 
chemistry which have been presented to this Association in former years. It 
must be admitted that examinations do not always discover the best student; 
many are capable of preparing for examinations with a small knowledge of their 
subject ; others, with a good knowledge, fail from nervousness or other causes; but 
at the present time examination, although far from perfect, is almost the only 
means we have of judging the fitness of the candidate. By properly selecting 
questions the examiner may, to a considerable extent, discourage cram; he should 
endeavour to find out what the pupils have actually seen, and to make them draw 
conclusions from facts which they have either themselves observed, or which have 
been described to them; it is only in this manner that chemistry can be used as 
a means of mental training. 

These remarks do not apply to the education of students intending to make 
chemistry their profession, who have many opportunities, in the large laboratories 
of Great Britain and the Continent, of obtaining all the necessary instruction. 
The Institute of Chemistry, which was founded to improve the status and also 
the education of professional chemists, requires that its members should have a 
thoroughly scientific training. Before a candidate for the associateship is admitted 
to examination he must bring evidence that he has passed satisfactorily through 
a systematic course of at least three years’ study in the subjects of theoretical and 
practical chemistry, physics, and elementary mathematics in some recognised 
college or school; and before admission to the fellowship he must have passed 
through three additional years of work in chemistry. It is to be hoped that an 
example of this kind will ultimately have a good effect in improving the modes of 
teaching the science in its elementary stages. 

There is another class of workers in chemistry who must not be forgotten at 
the present time, as they have much influence on the life of the world, and have 
been working for ages, but have only recently been recognised. I mean those 
organisms which are included under the name of microbes. These organisms are 
capable of producing chemical changes which entirely surpass all the results 
hitherto obtained by the chemist in his laboratory. That the transformation of 
sugar into alcohol and carbonic anhydride in the ordinary process of fermentation 
is due to a living organism has been known for some years; the important trans- 
formation of ammonia into nitrous and nitric acids in the soil bas been shown to 
be due to organisms which have recently been investigated by many chemists; it 
is possible to transform ammonia into these acids in the laboratory by oxidation 
under certain conditions and at a high temperature, whereas the organism does the 
work quite as efficaciously at the common temperature. Other organisms have 
the power of producing complex organic poisons by the alteration of some of the 
constituents of the animal body, and the relation of these products to the study 
of diseases is of the highest possible importance. As we hope to have a discussion 
on this interesting subject by many eminent authorities, both from the chemical 
and biological points of view, it will be unnecessary to pursue the subject further, 
unless it be to urge some of the younger chemists to work at the chemical aspect 
of bacteriology. They must be prepared for hard work and many disappointments, 
for the subject is undoubtedly a difficult one. / 

I cannot conclude this address without reference to the great loss which 
chemistry has sustained by the death of Professor A. W. von Hofmann. I had 
the good fortune to be under him as student and assistant from 1856 until he left 
this country in 1865; all who worked with him must have been deeply impressed 
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by his capacity for work and his power of inducing work in others. Although 
perhaps some of us did not appreciate this at the time, yet we feel we owe him a 
debt of gratitude for his having started us in the right way. The list of papers 
nder his name in the Royal Society Catalogue up to the year 1883 is 299, written 
by himself alone, besides twenty-two joint papers. One of his characteristics 
which impressed me was his investigation for the purpose of furthering chemical 
‘Imowledge without any view to practical applications, and I well remember his 
lecture at the Royal Institution, in 1862, on mauve and magenta (which owed 
so much of their success to his work), in which he produced the original specimen 
of benzene which had been obtained by Faraday from oil-gas in 1825. He pointed 
out that Faraday had prepared this substance and investigated its properties 
without ever supposing that it could have any practical application. The fol- 
lowing is the concluding paragraph of the lecture :— 

‘Need I say any more? The moral of mauve and magenta is transparent 
enough; I read it in youreyes. We understand each other. Whenever in future 
one of your chemical friends, full of enthusiasm, exhibits and explains to you his 
newly discovered compounds, you will not cool his noble ardour by asking him 
that most terrible of all questions, “‘ What is its use? Will your compound 
bleach or dye? Will it shave? May it be used as a substitute for leather?” 
Let him quietly go on with his work. The dye, the lather, the leather, will make 
their appearance in due time. Let him, I repeat it, perform his task. Let him 
indulge in the pursuit of truth—of truth pure and simple—of truth not for the 
sake of mauve, not for the sake of magenta; let him pursue truth for the sake 
of truth.’ 

_ This seems to me the true spirit of the scientific investigator, and in many 
cases the reward consists solely in the consciousness that the investigator has done 
his duty; in some cases the reward may take a more substantial form, and since 
the above paragraphs were written I have been informed that Professor von 
Hofmann has left a large fortune, the result of the applications of his discoveries 
in technical chemistry. 


The following Papers and Reports were read :— 


1. Blectrolytic Synthesis. By Professor A. Crum Brown, F.R.S., F.R.S.E., 
and Dr. J. WALKER. 


2. Impurities in Chloroform. By Professor W. Ramsay, F.R.S. 


3. Report of the Committee on the Nature of Solution. 
See Reports, p. 261. 


4. Report of the Committee on the Bibliography of Solution. 
See Reports, p. 261. 


5. Report of the Committee on Wave-length Tables of the Spectra of the 
Elements.—See Réports, p. 193. 


6. A Note on Alloys of Aluminium with Verro-manganese. 
By T. W. Hoae. 


The alloys which form the subject of this short paper were prepared by mix~ 
‘ing ferro-manganese with aluminium, both previously fused. 

These alloys possessed the unexpected feature of being readily attracted by the 
_ magnet, and it is principally on this account that they have been thought 
_ 6ufficiently interesting to bring before the members of this section, especially as 
the alloys of aluminium have for some time attracted much attention. 

It is now well known that the addition of manganese to iron or steel produces 
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an alloy which is not attracted by the magnet, alloys containing 8 to 12 per cent, 
being only feebly magnetic, and over this proportion they may be said to have 
practically no influence on the magnet at all. 

Aluminium also possesses a similar property, but in a less marked degree. 
Ferro-aluminium containing 13 per cent. aluminium is still readily attracted, rand 
it is not until this element reaches 20 per cent, that the effect here alluded to takes 

lace. 
‘ It is therefore an interesting fact that the addition of aluminium to a man- 
ganese alloy, which of itself would be quite inert, results in an alloy which is 
readily attracted. 

In one of the alloys exhibited the aluminium is present to the extent of 3:05 
per cent. only, and although the iron barely reaches 15 per cent. it responds to 
the influence of the magnet almost as readily as a piece of iron. 

In another alloy which was disintegrated the effect is still more remarkable, as 
it contains not only manganese but aluminium in sufficient quantity to destroy the 
influence of the magnet if they were present separately ; yet together they do 
exactly the reverse, and here, again, although the iron is even less than the above, 
the magnet attracts it quite easily. 

The alloys which I have drawn attention to were the result of an experiment 
made to ascertain the possibility of forming a reliable homogeneous alloy of alu- 
minium with ferro-manganese, and for this purpose 50 Ib. of the latter (contain- 
ing 82 per cent. manganese) and 5°56 lb. of aluminium (containing 99°5 per cent. 
aluminium) were separately melted in large crucibles, the intention being to make 
a 10-per-cent. alloy. After they were perfectly fused the ferro-manganese was 
poured into the aluminium; after stirring for about half a minute the mixture 
showed such decided signs of becoming pasty that it was at once poured into an 
ingot mould. After about two-thirds had been poured the remainder suddenly 
solidified, and was roughly knocked out of the crucible. 

The alloys presented no apparent dissimilarity, and it was not thought worth 
while to examine them until after keeping for about three months the portion 
which had solidified first commenced to fall into pieces—in the same way that 
high-percentage ferro-manganese of 85 per cent. is known to do—and this action 
has gone on until it has almost completely disintegrated, and is now in the condition 
of the specimen shown. 

The analyses of the two portions showed a remarkable difference in composi- 
tion. The disintegrated portion contains— 


Iron : : = - ‘ : ‘ : : : . 10°80 
Manganese . 3 : : 0 k : : 4 . 5486 
Carbon . , c é F . 2 ; ; E . a2 
Aluminium . - : A 6 é 5 5 5 . 25°34 
Silicon . : : F 3 : : : - : 2 OS 
Sulphur . c s ‘ : - ‘ j 5 . traces 
Phosphorus . : é : : ; : 2 . ~ O07 
Copper - : : - 5 : : ; ; . 0°075 

94-292 


This analysis was repeated with practically identical results. The deficiency is 
no doubt due to slight oxidation having taken place owing to the finely divided con- 
dition of the alloy: it has a specific gravity of 3:61. The examination of the 
portion which was poured off showed it to have a specific gravity of 612, and 
that it contained— 


Tron : . : : - : : : : . 14°80 
Manganese. : F - : : : : : . 75°40 
Carbon . : F : ; : : - : : - 5:55 
Aluminium . : 6 5 - - ; : : ~ 8:05 
Silicon . ? = 5 é - : : : . - 886 
Sulphur : ; : : : : c ; E . trace 
Phosphorus . : : . ; ; : ; . 0184 
Copper . : ‘ , ; ; ; : F E . 075 


99°945 


——- 
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This alloy has not shown any signs of disintegration since it was made. 

Whether the difference in composition between the two portions is the result 
of the great difficulty in mixing aluminium with the heavier metals, or has been 
produeed by separation, is not quite clear; if the carbon may be taken as a guide, 
it seems to show not only separation but also actual loss of this element. 


FRIDAY, AUGUST 65. 
The following Papers were read :— 


1. The Explosion of Ethylene with less than its own Volume of Oxygen. By 
B. Luan, B.A., B.Sc. (Dalton Chemical Scholar of Owens College), anc 
W. A. Bons, B.Sc. (Fellow of Victoria University). 


Our investigations arose out of experiments to determine the rate of explosion 
of hydrocarbons with deficiency of oxygen, and were made at the suggestion of 
Professor H. B. Dixon. On exploding ethylene with less than its own volume of 
oxygen there is invariably a considerable increase in pressure. In the case of a 
mixture of 100 volumes ethylene with 96'5 volumes oxygen, the pressure increased 
from 756 mm. to 1,503 mm. of mercury, indicating that the oxygen had mainly 
gone to the carbon and not to the hydrogen. This result is in accordance with 
Dalton’s experiments (1810), with those of J. Davy, Kersten (1861), and EH. von 
Meyer (1874). 

On carefully analysing the products of explosion we found that, in addition to 
hydrogen, carbon monoxide, and small percentages of carbonic acid and unsaturated 
hydrocarbons, there was always present a small amount of marsh gas. 

We made and fired five different mixtures of ethylene and oxygen, containing 
100 volumes ethylene with 70 to 96:5 volumes oxygen. We invariably found 
marsh gas present in the products of the explosion, and the percentage of this 
increased as the percentage of oxygen in the original mixture decreased. 

The quantity of marsh gas present in the products of explosion of 100 volumes 
of ethylene with 70 volumes of oxygen was 5'63 per cent., and, in the case of the 
mixture containing 100 volumes ethylene with 96°5 volumes of oxygen, we found 
1:01 per cent. of marsh gas in the products. 

With regard to the unsaturated hydrocarbons present in the products, a 
qualitative examination revealed the presence of acetylene. Whether this con- 
stitutes the whole of the unsaturated hydrocarbons present we are not prepared to 
say ; it is certainly present in not inconsiderable quantities. 

The main reaction which doubtless occurs is a combination between the oxygen 
and part of the ethylene with the formation of carbon monoxide and hydrogen, 
according to the equation— 

C,H,+0,=2CO+2H, . : : ‘ te Cll) 


The heat liberated by this reaction produces a decomposition of some of the 
unburnt ethylene analogous to the decomposition which ethylene undergoes when 
passed through a red-hot tube into marsh gas and carbon, according to the 
equation— 

C,H,=CH,+C . - : ; : Bee) 


Marsh gas might also be produced in another way, by partial oxidation, accord- 
ing to the equation— 

20,H,+0,=2CH,+2CO . . .. mh amie hea 

With regard to the formation of acetylene, Professor Dixon suggested that it 


is possibly due to a secondary reaction between the nascent hydrogen formed 
according to equation (1), and the carbon liberated according to equation (2)— 


Grete 2 6) Fete he vas, 1 at ee 
1892. ae 
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2. On the Luminosity of Hydrocarbon Flames. By Vivian B. Lewes, 
Royal Naval College, Greenwich. 


In the year 1816, while engaged upon those historical researches which cul- 
minated in the discovery of the miner's safety-lamp, Sir Humphry Davy noticed 
certain facts which led him to work out and propound his theory of the causes 
which lead to luminosity in flame—a theory which is generally stated as being 
that the presence of solid particles in the flame is essential to its luminosity. This 
theory remained unquestioned until 1868, when Professor E. Frankland, in his 
celebrated communication to the Royal Society, showed that, although incan- 
descent solid matter in a flame renders it luminous, luminosity is also in many 
cases produced when the flame contains very dense vapours at a sufficiently high 
temperature, and also that a non-luminous flame may be rendered luminous by 
increasing the pressure. 

More recent researches, however, seem to point conclusively to the luminosity 
of all flames containing hydrocarbons, being due to the presence of incandescent 
particles of carbon, and the author has made an exhaustive series of experiments 
as to the causes which lead to their production in an ordinary coal-gas flame. 

Coal gas is a mixture of hydrocarbons with hydrogen and small quantities of 
carbon monoxide; and it also contains traces of carbon dioxide, nitrogen, and 
oxygen. 

The unsaturated hydrocarbons consist of ethylene, benzene, butylene, and 
acetylene, and probably also traces of crotonylene and others; while the saturated 
hydrocarbons consist chiefly of methane, with traces of ethane, propane, and butane. 

As the gas leaves the jet the hydrogen rapidly diffuses to the outer edge of 
the flame and burns, the methane doing the same but rather more slowly. The 
combustion of these gases raises the temperature 500° C. in the first half-inch ; 
while before another half-inch has been traversed 1,000° C. is reached, and chemical 
changes in the hydrocarbons are progressing rapidly, the unsaturated hydro- 
carbons and higher members of the saturated hydrocarbons being rapidly converted 
into acetylene. If the temperature of the flame were not allowed to rise above 
1,000° C. this acetylene would be nearly all polymerised into benzene, naphthalene, 
diphenyl, and other more complex bodies, which would be slowly burnt up with- 
out liberation of carbon, and a non-luminous flame would result. This may be 
shown by holding a platinum dish against a luminous flat flame, when luminosity 
disappears; but it may be reproduced by heating the interior of the dish, In the 
case of a gas flame, however, instead of remaining at 1,000° C., the temperature 
rapidly rises to 1,200° C., with the result that, instead of polymerising into more 
complex bodies, the acetylene formed at once splits up into carbon and hydrogen, 
and the former, heated to incandescence by combustion, gives the luminosity. It 
is the attainment of this temperature that marks the limit of the non-luminous 
zone. If this were the only action, however, the luminous zone would be very 
short. But the bodies formed from the acetylene before 1,200° C. was reached, 
and the methane, of which some still remains unburnt, are converted into acety- 
lene at a still higher temperature, z.c., 1,300° C.; and this being reached near the 
top of the luminous zone yields a fresh supply of carbon, and so increases the 
height of the light-yielding portion of the flame. 


8. Haperiments on Flame. By Professor ARTHUR SmiTHELLS, B.Sc. 


The author described four distinct regions of an ordinary luminous flame, the 
existence of which he thought could not be doubted by any impartial observer. 
His experiments had arisen from a desire to understand more fully the chemical 
changes which determined this peculiar structure, and especially the twofold 
character of the outer sheath. 

He described the construction and demonstrated the use of his apparatus for 
separating the two cones of combustion in non-luminous flames, and gave a sum- 
mary of the results he had obtained with it. He considered these results to 
furnish fresl proof that when a hydrocarbon is starved of oxygen, the carbon will 
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burn more readily than the hydrogen, and that accordingly the luminosity of 
ordinary flames must not be explained as is often done by assuming the very re- 
verse of this. The luminosity of ordinary flames is now generally admitted to be 
due to the separation of solid carbon in the flame, and this must be ascribed to a 
decomposition or dissociation of the hydrocarbons by heat. This heat is supplied 
by the sheath of non-luminous combustion surrounding the flame. The author 
considers this sheath, which consists of two parts (a barely visible outer part, and 
a bright blue inner one) to correspond to the two cones of combustion in a non- 
luminous flame. The author, whilst admitting from the result of experiments 
made by Professor Lewes and by himself that acetylene was present in the interior 
of luminous flames, thought that Professor Lewes had not established his view 
that luminosity was mainly and essentially due to the formation and subsequent 
dissceiation of acetylene, and that he was altogether relying too much upon that 
substance. A study of the precise cause of carbon separation was being under- 
taken by the author with the aid of his flame-cone separator, a single hydro- 
carbon (ethylene) being employed. 

Other experiments with the flame-cone separator relating to the spectra of 
metallic salts were exhibited. An account of these will be found in the report 
of the proceedings of Section A, p. 645. The chief conclusion was that the spectra 
obtained when metallic salts were introduced into non-luminous flames were the 
direct outcome of and were entirely dependent upon chemical changes. 


4. Report of the Oommittee on the Direct Formation of Haloids from Pure 
Materials.—See Reports, p. 262. 


5. The Reaction of Hydrogen with mixtures of Oxygen and Chlorine. 
By J. A. Harker, D.Sc. 


6. Preliminary Note on the Action of Dry Ammonia Gas on Sulphates. 
By Professor W. R. Hopexinson, Ph.D., F.R.S.E., and C. C. Trencu, 
Col. R.A. 


Very little appears in chemical literature as to the action of really dry 
ammonia gas on salts at an elevated temperature. Some chlorides are stated to 
be reduced, others to yield nitrogen compounds when heated with ammonia, but 
little or nothing seems to be known respecting the action with sulphates. 

The experiments were also undertaken to ascertain (1) to what extent, if any, 
sulphates were reduced by ammonia at temperatures below that at which the 
sulphate itself decomposes, and (2) whether nitrogen compounds (nitrides) could 
be formed. 

All the work has been quantitative as far as possible. 

After a number of preliminary experiments, the reactions were carried on in 
a wide glass tube, so arranged that it could be heated in an air-bath to a definite 
temperature when required, or by the naked flame. The substance was contained 
in a boat of platinum or porcelain as the case demanded, which with its contents 
was weighed before and after the action. ‘The ammonia was dried by passing first 
Ss potassium hydrate and then over a considerable quantity of freshly ignited 

ime. 

As water is, however, certainly one product of the mutual action of ammonia 
and sulphates, this drying is perhaps not an essential precaution. To catch vola- 
tile products the tube was drawn out to about 50 cm., and either dipped into 
water or ended in a dry flask externally cooled. 

General Results—The preliminary experiments showed that some metallic 
sulphates were entirely reduced by heating with ammonia, Silver mercury and 
bismuth behaved in this manner. Water and what at first appeared to be 
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ammonium sulphite were the only products of a volatile nature. The actions 
were completed at the melting point of zinc. 

Lead sulphate required a high temperature before any action was visible, and 
the salt was not completely decomposed by heating for an hour to a red heat, A 
little lead sulphide was produced. Thallium sulphate acted in a similar manner, 
but more sulphide was formed. 

Ferrous sulphate (dry) precipitated by addition of strong acid to the concen- 
trated water solution of FeSO, and then dried in vacuo, ordinary crystallised 
ferrous sulphate, and the ammonium ferrous sulphate were all reduced to metallic 
iron, which, however, contained 1 to 2 per cent. of sulphur. 

The sulphates of zinc, manganese, cobalt, nickel, magnesium, and chromium 
were remarkably alike in their behaviour. 

In all these cases the quantity of material left in the boat after heating corre- 
sponded very closely with that required if a sulphide of the form MS had been 
formed, As a matter of fact, the residue consisted of a mixture of the sulphide 
and oxide in nearly molecular proportions. 

No nitride has as yet been obtained. 

As far as the volatile portion is concerned, the main bulk in all cases appeared 
to be ammonium sulphite. No trace of sulphate was found. In the hot tube in 
which the reaction was carried on, the substance which condensed was for the 
most part ammonium thionamate NH,OHSONH,. Where this came in contact 
with water in the condensing flask, or with moisture in the cooler parts of the tube, 
ammonium sulphite was of course formed, 

Undoubtedly the most interesting salt examined is cupric sulphate. Either 
dry or with crystal water, the salt absorbed much NH,, and then melted below 
200° turned black, and as the temperature rose appeared to boil, and finally at 
somewhere about 400° began to decompose with incandescence, leaving almost 
pure metallic copper. 

The comparatively low temperature at which an action was observable in the 
case of copper sulphate suggested the possible formation of a hydrazin compound. 

The white sublimate was therefore examined for its reducing power on Fehling"s 
solution and silver nitrate. As thionamate reduces both silver and copper solu- 
tions when alkaline, some of the white sublimate was distilled from potassium 
hydrate solution and the distillate collected in dilute sulphuric acid. This solution 
also reduced Fehling’s solution, There is little doubt but that hydrazin is present 
along with the thionamate sublimate, but the quantity is small, and in several 
experiments could not be detected at all, probably on account of the temperature 
being too high when the ammonia comes in contact with the sulphate. 

We are continuing this work in the hope of getting an easy method for the 
production of hydrazin compounds. 


7. Note on the Action of Dry Sulphur Di-owide on Oxy-salts. 
By Professor W. R. Hopexrnson, Ph.D., F.R.S.E., and J. Youne, A.R.S.M. 


The behaviour of sulphur di-oxide on solutions of certain oxy-salts, such as 
nitrates and chlorates, is sufficiently well known, and, in fact, a matter of every- 
day occurence. The reactions of the dry gas on these salts does not, however, 
appear to have been very carefully studied. 

Some quantitative experiments have therefore been made with several typical 
salts. The mode of experiment has been to expose a weighed quantity of the salt 
to a current of carefully dried SO, in a tube so arranged that it could, if necessary, 
te heated to some definite temperature in an air-bath, or with the naked flame if 

esired, 

Mitrates——A considerable number of nitrates have been examined. Asa rule, 
the action commences at the ordinary temperature coloured oxides of nitrogen are 
given off, and when the salt is employed in fine powder the temperature rapidly 
rises, and the metal in every case completely converted into sulphate. As long as 
the materials were quite dry no SO, was formed beyond that necessary to form 
sulphate with the metal. 
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Silver nitrate taken, 1:7068grm.; sulphate found, 1'5660 grm.; calculated, 
1:566 grm. 

Potassium nitrate taken, 09490 grm. ; sulphate found, 0-816 grm.; calculated, 
0°8170 grm. 

Chlorates.—The only salts of this class examined were those of barium and 
potassium. The first result of impact of the SO, was the liberation of chlorine 
peroxide, which escaped along with the excess of SO, as long as the temperature 
did not rise above about 60°; at a littie higher temperature there was a slight 
flash in the tube and formation of white fumes of SO,. The escaping gases then 
contained chlorine, SO, and SO,. The yellow but clear mixture of sulphur di-oxide 
and chlorine peroxide became cloudy from formation of SO, on introduction of a 
little moisture. 

Moist SO, appeared to act more rapidly than dry, and in most cases without 
visible liberation of chlorine peroxide. 

Barium chlorate taken, 0-480 grm. ; found as sulphate, 0°364 grm.; calculated, 
0367 grm. 

Potassium chlorate taken, 1:0982 grm.; found as sulphate, 0°7798 grm. ; cal- 
culated, 0:7797 grm. 

Phosphates are apparently not acted upon at all by SO,. 

With chromates, dichromates, and permanganates considerable differences ot 
behaviour were noticed, depending evidently on the nature of the metal. With 
silver chromate the figures point to the formation of silver sulphate and chromic 
oxide. 

Silver chromate taken, 0:9848; after heating to near redness weight found 
was 1:0934; for a mixture of sulphate with chromic oxide it should be 1-092, 

With alkaline chromates, or dichromate, or barium chromate there is an 
evident tendency to form chromium sulphate as well as other sulphate. In no 
case, however, has the formation of chromium sulphate proceeded its full extent 
eh when the heating has been continued for many hours in a steady current of 

O,. 

Permanganates behave in a similar manner. 

With both classes of salts the action is at first rapid during the formation of 
the more positive metallic sulphate, and ceases at a higher temperature owing to 
the decomposition of the chromium and manganese sulphates by heat. 


Grn. 
Potassium bichromate taken ; : ¢ . 16€214 
After heating in SO, . : : - - . 20256 
After reheating for two hours in SO, . . . 20468 
Calculated as a mixture of Cr,O, and K,SO, it 
would be. . 17945 


As a mixture of K,S0O, and Cr, (SO,), ; . 31214 


Potassium chromate taken . c : : we eady 
After heating for half an hour in SO, . : . 11675 
After reheating for two hours in SO, . 3 . 1:2606 


Calculated as a mixture of K,SO, and Cr,O,. . 11688 


The ease with which potassium nitrate was converted into sulphate by the 
action of dry SO, suggested a method for the determination of potassium in gun- 
powder and similar substances. It was, however, found very unsuitable. 

A number of experiments carried out by Lieutenant L. E. Traherne, R.N., 
show that when gunpowder is acted upon by SO, at about 150°, either dry or 
moist, the temperature rises quickly, and in most cases causes explosion. With 
fine-grained powders, and especially when unglazed, the action is more rapid 
and the explosion violent, as it appears to take place over a considerable area at 
once. 

Chlorates, as might be expected, when simultaneously in contact with SO, 
and any kind of organic matter set up a violent action. A good form of lecture 
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experiment is to allow one or two drops of a solution of SO, in alcohol or ether to 
fall on a little powdered potassium chlorate ; white fumes are given off which are 
nearly always followed by a sharp explosion. 


SATURDAY, AUGUST 6. 
The Section did not meet. 


MONDAY, AUGUST 8. 


The following Papers were read :— 


1. On the Application of a Hydrogen Flame in an Ordinary Safety-lamp to 
the Detection and Measurement of Inflammable Gas or Vapour. By 
Professor Frank Crowes, D.Sc., University College, Nottingham. 


The appearance of a ‘cap’ over the flame in the safety-lamp has long been 
used by the coal-miner for detecting ‘ firedamp’ in the air, and for roughly measur- 
ing its amount. The ordinary oil-flame does not with certainty detect the presence 
of less than 3 per cent. of firedamp. The alcohol flame adopted by Pieler detects 
0:25 per cent. readily; but since this flame gives no light the Pieler lamp can be 
used for gas-testing only, and is useless for lighting purposes. At the last meeting 
of the British Association the results of an examination of the Ashworth lamp 
were given by the author; this lamp burns benzoline, and was found to give good 
illumination when the wick was raised, and to detect at least 0°5 per cent of fire- 
damp when the wick was pulled down until it gave a pale-blue flame only. 

In the present paper.the author describes a miner’s safety-lamp, in which the 
ordinary fame can at once be replaced by a hydrogen flame when desired. The 
use of the hydrogen flame enables the miner to detect readily and with certainty 
percentages of firedamp, varying between 0:25 and 3:0, and to measure their 
amount. As soon as the delicate testing is finished the ordinary flame of the lamp 
is kindled, and can be employed either for illumination, or, if lowered, it can be 
applied to the detection of percentages of gas larger in amount than those found 
by the hydrogen flame. The hydrogen gas is carried in a small steel reservoir, 
slung over the shoulder by a strap, and is introduced through a fine metal tube 
which passes into the interior of the safety-lamp and terminates near the wick. 
This composite lamp is at once a good illuminator and an extremely delicate gas- 
tester. 

Comparative experiments were made with a hydrogen flame, an alcohol flame 
of the same height, and a small blue benzoline flame, all of which were exposed in 
air containing | per cent. of coal gas. The ‘cap’ seen over the hydrogen flame 
was nearly four times as high as that seen over the benzoline flame, and half as 
high again as that seen over the alcohol flame. 

Many serious accidents have arisen from bringing a ‘naked flame’ into spaces 
in which light petroleum oil had been stored. The vapour of this oil, when mingled 
with the air im proper proportions, is violently explosive; and it becomes import- 
ant therefore to have means of detecting its presence and measuring its amount. 
The author described tests carried out with the above hydrogen safety-lamp in his 
test-chamber. ‘They prove that the hydrogen flame can detect one-twentieth of 
the amount of petroleum vapour which can be kindled in air, and one thirty-sixth 
of the amount which explodes when mingled with air. 
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2. Report of the Committee on the Influence of the Silent Discharge of 
Electricity on Oxygen and other Gases.—See Reports, p. 263. 


3. Report of the Committee appointed to consider the best method of Esta- 
blishing an International Standard for the Analysis of Iron and Steel.— 
See Reports, p. 186. 


4, Notes on the Molecular Refraction and Dispersion of (a) Metallic 
Carbonyls, (b) Indiury and Gallium, (c) Sulphur. By Dr. J. H. 
Guapstone, F.R.S. 


The author had examined a specimen of iron pentacarbonyl prepared by 
Ludwig Mond, which gave the molecular refraction of 67°33 for the line a, and 
70:85 for the line x. It is therefore, like the nickel tetracarbonyl, a very 
refractive and extremely dispersive substance. He gave reasons for thinking that 
the metals in these two substances had not any abnormal valency, that the car- 
bonyls have a ring formula, and that each CO in the iron compound has the high 
refraction of 11:2. 

The refraction equivalents of indium and gallium had been previously deter- 
mined from the observations of Soret upon alums of these metals. Soret, however, 
has since published additional observations, especially upon galliam alums. From 
these the atomic refraction of gallium was calculated at 11:6, and of indium at 
13°7, which the author wished to substitute for his previous figures. 

The refraction of sulphur had been determined by various observers in a solid, 
liquid, and gaseous condition, dissolved in carbon bisulphide, and in chemical 
combination with carbon and chlorine. These all gave nearly the same atomic 
refraction for the line p, viz., about 16:3; the sulphur dissolved in carbon bisul- 
phide was the lowest, viz., 16:0, as determined both by Nasini and the author. 
The atomic dispersion of sulphur between A and 6 of the spectrum, whether 
dissolved in carbon bisulphide or in actual combination with the carbon, was the 
same, viz., 1:8. In more complicated organic compounds the atomic refraction and 
dispersion are generally smaller. 


5. The Effect of Small Quantities of Foreign Matter on the Properties of 
Metals. By Professor W. C. Roserrs-AustEN, F.R.S. 


6. Researches on Diffusion. By Dr. Svante ARRHENIUS. 


7. The Transpiration of Hydrogen through Palladium. 
By Professor W. Ramsay, F.2.S. 


TUESDAY, AUGUST 9. 
The following Papers and Reports were read :— 


1. The Impurities of Town Air. By G. H. Batrey, D.Sc., Ph.D. 


During the past twelve months the Air Analysis Committee of Manchester, in 
conjunction with the Royal Horticultural Society, have been engaged on the 
analysis of the air of large towns. A large amount of information having been 
already collected by previous observers as to the carbonic acid in the air, it was 
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thought desirable to devote more special attention to such impurities as sulphurous 
acid and organic matter. Furthermore, since the object in view was not merely to 
collect data but to lay the foundations of what may be termed chemical meteoro- 
logy, the atmospheric conditions prevailing at the time of the observation have 
been noted. From the results of several hundreds of analyses carefully conducted 
in London, Manchester, and Liverpool the following conclusions are drawn :— 

(1) That in clear breezy weather the amount of sulphurous acid is less than 
1 milligramme per 100 cubic feet of air. 

(2) That in anticyclonic periods it rises very considerably, and in times of fog 
maxima of 34 and 50 milligrammes have been recorded for the worst districts of 
Manchester and London respectively. 

(3) That wherever an open space or a less densely populated area occurs there 
is a very marked diminution in the amount of impurities in the air. 

(4) That an increase in the amount of sulphurous acid is accompanied by at 
least as large an increase in the amount of organic impurities in the air. 

(5) That smoke, promoting as it does the formation of fog, and preventing free 
diffusion into the upper stratum of the air, must be regarded as the principal cause 
of the impure state of the atmosphere in large towns. 


2. Syntheses with the Aid of Butane and Pentane Tetra-carborylic Ethers. 
By Professor W. H. Prrxty, jun., F.R.S. 


3. Synthesis of Hydrindon Derivatives. By Dr. F. Sraxtey Krppine. 
4. Heptamethylene Derivatives. By Dr. F. Srantey Kipprne. 


5. Action of Phosphoric Anhydride on Fatty Acids. 
By Dr. F. Sranuey Kirerye. 


6. Methyl Salts of Camphoric Acid. By James Wauxer, Ph.D., D.Sc. 


The ‘author has prepared two isomeric methyl hydrogen camphorates, and 
investigated their electrolytic conductivity with a view of testing the validity of 
Friedel’s formula for camphoric acid. The substances he obtained are identical 
with those recently prepared by Briihl. According to Friedel, camphoric acid 
forms two methyl hydrogen salts having the formule 


C,H, C,H, 
| | 
CH CH 
eS ous 
CCE MMRL 63 HO) Un, 
een ol and foe 
H.C co Ha “Co 
Oo 
COMe COH 
| | 
COOH COOMe 


Substances having these formule ought to be widely different in their strength as 
acids, and consequently in their dissociation constants as determined from the 
electrolytic conductivity of their solutions, I should have a constant greater than 
that of camphoric acid itself, while II should have a constant of at most one-tenth 
of that of camphoric acid. As a matter of fact, the constants of the two existing 


TRANSACTIONS OF SECTION B. 681 


isomeric substances are very nearly the same, and equal to about half the constant 
of camphoric acid, which is precisely what should be expected if camphoric acid 
were a dicarboxyl acid (compare Walker, ‘ Jour. Chem. Soc.,’ 1892, p. 715). 


7. The Halogen Addition Products of Salts of Organic Bases. 
By Luonarp Dossin, Ph.D., and James Waker, D.Se., Ph.D. 


In 1885 and 1886 one of us in conjunction with Dr. Orme Masson’ showed 
that the haloid salts of trimethylsulphine and of tetramethylammonium were acted 
upon by the halogens and by iodine monochloride with formation of compounds, 
the composition of which is represented by the general formula RX,, where R 
stands for the group SMe, or NMe,, and X for one atom of a halogen. 

The products obtained in both cases differed very greatly in the readiness with 
which they underwent decomposition by themselves and on treatment with water 
or alcohol. The compounds containing three atoms of the same halogen were by 
far the most easily decomposed, and, indeed, the formation of definite compounds 
of this kind was never clearly proved, but only somewhat vaguely indicated. The 
only compounds which remained unchanged on exposure to the air, and which 
were further almost unattacked by boiling alcohol, were the dibromiodides pre- 
pared by the action of bromine upon the monoiodides. The corresponding 
dichloriodides, obtained from the monoiodides and chlorine, or from the mono- 
chlorides and iodine monochloride, decomposed slowly on exposure to the air, 
giving off chlorine and iodine. They were decomposed with moderate rapidity by 
boiling alcohol, with formation of the monochlorides of the organic bases, alcoholic 
solution of iodine, and products of the action of chlorine upon alcohol. Water 
attacked all the compounds, but while trimethylsulphine trichloride was instantly 
decomposed with liberation of torrents of chlorine, the dibrom- and dichloriodides 
of both bases were only decomposed after prolonged contact. The dichloriodides 
and dibromiodides were found to be very stable when heated, melting at tempera- 
tures ranging from 94° to 216°, some almost and others entirely without decom- 

osition. 

< More recently the dibrom- and dichloriodides of methyl-pyridium have been 
prepared by us by the action of bromine and chlorine respectively on methyl- 
pyridium iodide. The dichloriodide has also been obtained by Ostermayer”* from 
methylpyridium chloride and iodine monochloride. These substances both erystal- 
lise from alcohol, and were found to possess properties resembling in general those 
of the corresponding trimethylsulphine and tetramethylammonium compounds, 
being, however, more stable than these. The melting-point of the chlorine com- 
pound is 88°, that of the bromine compound being 68°. 

In view of the serial character exhibited by these various substances with 
respect to their stability in alcoholic solution, it seemed to us that the determina- 
tion of the molecular weights of the most stable of the compounds by observing 
with Beckmann’s apparatus * the elevation of the boiling-point of aleohol in which 
they were dissolved might yield results of interest in regard to the so-called 
molecular compounds. 

The results of the determinations showed that methylpyridium and tetra- 
methylammonium dibromiodides are not decomposed to any appreciable extent by 
several minutes’ boiling in alcoholic solution, while the trimethylsulphine analogue 
is undoubtedly attacked, and that the dichloriodides are all decomposed, some to 
a considerable degree, by the same treatment. The following table exhibits the 
molecular weights calculated from the formula RX, and from the elevation of the 
boiling-point respectively. Where there is no decomposition the values should be 
identical, and the more widely they diverge, the greater is the amount of decom- 
position. 


1 Dobbin and Masson, Jowrn. Chem. Soc., 47, 56 (1885), and 49, 846 (1886). 
2 Berichte, 18, 592. 
3 Zeit. Physihal. Chem., 8, 223 (1891). 
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Dibromiodides Dichloriodides 
Theory | Found Theory Found 
Methylpyridium . . . . 381 386 292 276 
Tetramethylammonium . : 2 361 353 272 239 
Trimethylsulphine . : : . 358 293 269 208 


These numbers were obtained immediately after the thermometer became 
steady. In the case of the dichloriodides the thermometer rose more or less rapidly 
as the ebullition was prolonged, and the molecular weight in consequence de- 
creased, sinking to almost half the value indicated by the formula RX,. That 
decomposition takes place in the case of the dichloriodides can also be seen from the 
change of colour in the solution, which, at first pale yellow, passes through deep 
yellow and orange to red. 

These results tend to confirm our opinion that it is impossible to draw any 
sharp distinction between ‘ atomic compounds’ of great stability under conditions 
of very varied character and ‘molecular compounds,’ which are unstable under 
the same conditions. For the perfectly stable methylpyridium dibromiodide and 
the unstable trimethylsulphine trichloride, which can only exist in an atmosphere 
of dry chlorine, are perfectly analogous compounds, and are merely the end terms 
of a series, the intermediate terms of which have intermediate degrees of stability. 


8. The Production of Acetic Acid from the Carbohydrates. 
By J. F. V. Isaac, B.A. 


The purpose of this research is to give a quantitative account of the decompo- 
sition of the carbohydrates by ‘fusion’ with alkaline hydrates, regulating the 
conditions of the decomposition so as to give the maximum production of acetic 
acid. To determine this maximum and the conditions under which it is attained, 
the several factors have been varied, and the effects of the variations ascertained. 
Thus temperature, time, nature of alkaline hydrate (NaOH, KOH, &c.), and pro- 
portions of the alkali to carbohydrate have been investigated; and further various 
carbohydrates of typical constitutions have been studied, chiefly cane sugar, cellu- 
lose (cotton, flax, and other forms), hydracellulose (product of action of concen- 
trated hydrochloric acid on cotton cellulose), jute, and pine wood. The following 
are the more important results :— 

Temperature.—The formation of acetic acid is observable at 100-110° C.; 
it becomes considerable at 150° C., and reaches a maximum at 250-350° C. 

Time.—The duration of the heating is, as might be expected, of considerable 
influence at the lower temperatures; at higher temperatures the decompositions 
are rapidly completed. 

As regards the alkali and the proportion of alkali to carbohydrate, the maxi- 
mum yields are obtained with potassium hydrate, and in the proportion of three 
parts to one of carbohydrate. 

The various carbohydrates above named appear to yield approximately the 
same maximum of acetic acid, viz., from 30-40 per cent. of their weight under the 
most favourable conditions. The addition of weak oxidising agents, ey., ferric 
hydrate and potassium ferricyanide, tends to increase the yield of acetic acid, 
more especially at the lower temperatures. 

The other products of the decomposition are oxalic and carbonic acids, together 
with gaseous compounds continuously evolved. In addition to hydrogen, which 
is the chief constituent, a small quantity of a gaseous carbon compound is 
formed, presumably CH, or CO. On passing the gases evolyed from the decompo- 
sition of sugar with potassium hydrate over red-hot copper oxide in a combustion 
tube the atomic ratio of the H to C determined was found to be in two experi- 
ments 29 : 1 and 20: 1 respectively. The hydrogen evolved was found to be from 
40-50 per cent. of that contained in the original substance. 
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The products of resolution of cane sugar under these conditions are therefore 
approximately per two molecules of the compound (C,,H,,0,,) : acetic acid, 
4 molecules; oxalic acid, 1 molecule; carbonic acid, 13 molecules ; gaseous carbon 
compound, ! molecule; hydrogen, 1OH,. The other carbohydrates will be simi- 
larly investigated. 

While reserving a complete account of the research until further advanced, it 

is sufficiently established that all the carbohydrates investigated break down 
similarly, that acetic acid is the main product of the resolution, and that the 
CO-CH, grouping is an important factor of the stability of the molecules of these 
compounds, and survives this very drastic process of resolution. 


9. On the Molecular Voiumes of Organic Substances in Dilute Solution. 
By W. W. J. Nicou, D.Sc. 


In 1883 the author found that when dilute solutions of the sodium salts or 
formic, acetic, and butyric acids were compared the differences between their 
molecular volumes were approximately constant per CH,. Thus :— 


CH, 

Sodium butyrate . A : 5 . 67°46 ; ay 

ee ae ee ce 
35 formiate . 3 p 4 em | ki 


The sodium butyrate was not quite pure, containing acetate, so that the probable 
volume of CH, in aqueous solution was 15. 

During the past year the author has returned to this point, and it is his inten- 
tion to fully examine a series of organic bodies in various solvents with the 
object of ascertaining the apparent volumes of C, H, O, &c., in organic bodies, The 
work is at present only in the preliminary stage, but the results are such as to 
encourage him to proceed with it. 

Solutions of the commoner compound ethers in benzol, xylol, and rectified 
spirits have been prepared and their densities determined. The solutions were 
made by dissolving weighed quantities of the ethers in known amounts of the 
solvents, and the densities were determined at 20°C. 


— Xylol Benzol | B.S. 
Ethyl formate . A 5 ; 81-1 81:9 81-1 
Butylacetate . ; 6 ; 132-4 133°9 1343 
Amyl formate . , ; 131°5 1334 133°3 
{ Ethyl valerate . P F - 148-2 1501 150°6 
| Amylacetate . , ; ; 148-2 150°4 150°6 
Grouping these we have :— 
C,H,O, 81-1 81-9 811 
C,H,.VU. 1320 133°7 133°8 
C,H,,0, 148-2 150-2 150°6 
From this as an approximation we have :— 
— | Xylol | ~  Benzol R.S. 
3(CH,) = 169 17°3 17-6 
CH, = 16-2 16-5 16:8 
Further, 
Amy] benzoate in benzol = 191°9 
Ethyl __,, » = 1424 
3(CH,) = 495 
or CH, in benzol here = 16°5 
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With regard to these results it is to be noted that the ethers were obtained 
from commercial samples by fractionation, and the composition has not yet been 
checked by analysis or by determining the vapour density ; further, that, while in 
the first series the value of CH, depends on two substances for each of the mem- 
bers of the pair, that of 8(CH,) depends on one substance for one of the pair and 
two for the other, and it is most probable that the ethyl formate is slightly acid, 
and thus the molecular volume is too low, and the value of CH, is too high. 

We may also notice that, comparing the molecular volumes of each substance 
in the three solvents, or their differences per CH,, and including water— 


— Water Xylol | Benzol R.S. 


Ch 15:0 16:2 | 16°5 16'8 


10. Report of the Committee on Isomeric Naphthalene Derivatives. 
See Reports, p. 191. 


11. Report of the Committee on the Action of Light on Dyed Colours. 
See Reports, p. 263. 


12. On the Amount of Hydrolysis in Aqueous Solutions of Salts of Strong 
Bases with Weak Acids. By Dr. J. Sureups. 


The author has calculated the amount of free alkali in several salts from obser- 
vations of the velocity of reaction on saponifying ethyl acetate by their solutions, 
and finds that it is very nearly proportional to the square root of the concentration 
of the salts. 


The actual quantity contained in ;4, molecular normal solutions of the following 
salts at 24°-2 O, is— 


Potassium cyanide . : é . A 3 . 1°12 per cent. 
Potassium phenate . 3 = : é - isi ODM iene 
Sodium carbonate . 2 : 7 A . o Gr eae 
Borax : - : : : 5 - (about) 05 £6 
Sodium acetate ‘ 5 ¥ « 10:008-—; 


Tri-sodium phosphate in =, molecular normal solution was found to be almost 
completely hydrolysed into di-sodium hydrogen phosphate and sodium hydrate. 


13. A new Method for Measuring the Pressure produced in Gaseous Ezxplo- 
sions. By Bryan Lean, B.A., B.Sc., Dalton Chemical Scholar of the 
Owens College, and W. A. Bonn, B.Sc., Fellow of Victoria University. 


The authors have devised a new method by which they hope to be able to 
measure the pressure produced on the explosion of gaseous mixtures. All former 
measurements involve the motion of a gauge of considerable mass. Bunsen 
measured the pressure developed by studying the limiting weight raised by a 
valve attached toa bomb. Berthelot and Vieille determined the rate of displace- 
ment of a piston of known section and mass. Mallard and Le Chatelier have 
employed a Deprez manometer, and also a metallic Bourdon gauge. Dugald Clerk 
has made use of a Richards indicator. In consequence of the instantaneous 
character of gaseous explosions it is doubtful whether, by the means employed by 
these experimenters, it is possible to measure the real pressure produced by the 
explosion. Their methods would appear to measure no more than the effective 
pressure. 

The authors give preliminary experiments in which they have studied the 
pressure produced by the explosion of a mixture of two volumes of hydrogen with 
one volume of oxygen. 


2. 
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They attached to a leaden coil of two litres capacity a strong glass tube of 
10 to 25 cubic centimetres capacity, closed at one end, and separated at its other 
end from the coil by a gas-tight steel tap, the bore of which had the same diameter 

as the glass tube. The glass gauge had previously been calibrated and graduated. 
The coil was then filled with the explosive mixture, while the glass gauge ito- 
gether with the bore of the tap was filled with air or hydrogen. The instant before 
the mixture was fired the tap separating the coil from the gauge was opened, and 
the flash due to the exploding gases darted into the gauge. ‘The experiment con- 
sisted in taking a photograph upon a sensitive plate of the flash in the gauge. It 
-was found possible to obtain photographs which showed the flash to come to a 
well-defined and abrupt termination, marking the volume into which the air in 
the gauge had been compressed. By this means the authors hold that the air in 
the gauge is compressed adiabatically, and with the data afforded by the photograph 
they had originally intended to calculate the pressure produced in the explosion by 
Rankine’s well-known formula 
V\« 
var.(Q): 


The assumption was therefore made that there is no loss of heat up to the time 
that the flash attains its furthest limit. To obtain some data to justify this 
assumption the authors took a photograph of the flash upon a swinging plate 
attached to a pendulum chronograph. The plate moved past the flash at the rate 
of 21 metres per second. The photographs so obtained could scarcely be dis- 
tinguished from those taken upon a stationary plate; they were perfectly symme- 
trical; only the slightest possible increase in breadth could he detected. These 
photographs showed that the compression is approximately instantaneous, and that 
the flash ceases to have any sensible photo-chemical action in an interval of time 
less than one five-thousandth of a second. In so short an interval of time the 
compressed gas cannot lose a sensible quantity of heat. It would appear, therefore, 

right to assume that the compression is adiabatic. The authors believe also that 
no appreciable diffusion of the compressed gas into the compressing gas can occur 
during the very brief time of compression. 

Further, since thermo-dynamic theory proves the ratio of the two specific heats 
of any perfect gas to be approximately constant for all temperatures and pressures, 
Rankine’s formula may be employed to calculate the pressure produced by the 
explosion when the gauge is filled with air or hydrogen. 

Essentially, therefore, the method gives a record of the adiabatic compression 
of a gas by the explosion, a piston of indefinitely small thickness and mass being 
interposed between the compressed and compressing gases. 

Experiments have been made with gauges of different volume, varying from 


11°55 cubic centimetres to 23°20 cubic centimetres, and the ratio is found to be 


We 
_ independent within these limits of the volume of the gauge. Further, the ratio 
. Vi ee c 
= is found to be the same, within the error of experiment, whether air or hydro- 
gen is the gas compressed. The photographs obtained, however, in the case of 
hydrogen show the flash to be in general ill-defined and pointed, owing probably 
to the high thermal conductivity of hydrogen, combined with a much greater inter- 
diffusion with the compressing gases in consequence of the greater molecular 
: velocity of hydrogen in comparison with that, of air. 
: The mean value from six different sets of experiments with air and hydrogen, 
: electrolytic gas being the explosive mixture, gave 786. Calculating P’ by 
_ means of Rankine’s formula, and taking «=1'408, it is found that P’=20-7 
atmospheres. This pressure is about twice that measured by former experimenters. 
Some experiments were also made with carbonic acid gas; in these the explosion 
compressed the gas into a much smaller volume, owing to the great variation of 
the two specific heats of carbonic acid gas with increase of temperature and 
pressure, 
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A careful consideration, however, of these experiments makes it very doubtful 
whether the pressure can be calculated in this way. It would appear that the 
problem cannot be treated as other than a hydrodynamical one, the solution of 
which must be left to the mathematician. There can be little doubt that the inertia 
of the gases cannot be neglected, and that the pressure produced by the explosion 
is less than that calculated above, namely, 20:7 atmospheres. 

The authors desire to state that the idea upon which their method is based was 
suggested to them by Professor H. B. Dixon, 


14, The Determination of small Quantities of Nitrogen in Soils. 
By Dr. F. E. Marruews. 


15. On a Vanadiferous Lignite found in the Argentine Republic, with 
Analysis of the Ash. By Joun J. J. Kyus, Sc.D., Professor of Chemistry 
in the University of Buenos Ayres, Assayer to the Argentine Mint. 


By order of the Minister of the Interior of the Argentine Republic the Director 
of the National Board of Works forwarded to the author a small sample of coal, 
taken from a seam recently discovered near the town of San Raphael, in the 
province of Mendoza, with instructions to analyse the mineral and to report on its 
value as a combustible. The coal is lustrous, black even when finely pulverised, 
without fibrous structure, and remarkably brittle. On being heated it softens, 
emits much gas, which burns with a smoky flame, yielding a light spongy coke, 
which after combustion leaves a singularly small amount of a greenish coloured 
ash. The condensed products of its distillation have an acid reaction. 

The specific gravity of the mineral is 1:173. 

Its proximate analysis gave— 

Loss on drying at 100°C... A - - 2-05 


Volatile matters. ; - 2 $ - 49°51 
Fixed carbon : : ; 5 = a eed 
Ash - - - . : E _ 063 

100-00 


Its elementary composition, deducting hydroscopic water and ash, was found to 
be as follows :— 


Carbon . “ - : : - 60°59 
Hydrogen . : é 5 ; 8°63 
Nitrogen 5 : ; : é 1:43 
Sulphur . : E ? : - 4:23 
Oxygen . : . : - . , 2oul2 

100-00 


The compositicn of the ash, after deduction of the carbon (which two separate 
determinations had shown to amount to 27°8 per cent. in the ash as analysed) may 
be stated as follows :— 


analysis 


Vanadium pentoxide . A 5 - 38:22 
Phosphorus pentoxide . “ : 4 0-71 
Sulphuric anhydride. : p - 12:06 
Soluble in acid ~ Calcium oxide : ¢ - : . 8°44 
Ferric oxide . - : . : 4:98 
Aluminium oxide . : “ - ; 3°32 
Potassium oxide . - : : : 1:73 
{ Silicie anhydride . : : - - | tone 
: ., | Ferric oxide . : ; ; A : 9:42 
Insoluble smiacia eee oxide . 3 : : , 5:26 
Magnesium oxide . ; : : : 0°83 
Undetermined traces of manganese, 
magnesium, chlorine, and loss a} 1-33 
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From the foregoing it is evident that the San Raphael coal is one of great 
interest, being not only of fair quality as a combustible, but being also available as 
a source of vanadic acid for industrial purposes, seing that each ton of the mineral, 
supposing it to be equal to the sample, will produce over 14 lbs. of pure ash con- 
taining 41 Ibs. of the vanadic pentoxide, of which 3} 1bs. may be extracted by 
simple treatment of the ash with an alkaline liquor, whilst the remainder is of 
course susceptible of extraction from the insoluble part, as in the case of basic 
slags of Creusot (‘Comptes Rend.,’ xcv. 42-44), which contain but 1°5 per cent. 
In short, the ash of the San Raphael lignite is, so far as my knowledge goes, the 
richest known material utilisable as a source of vanadium compounds. I have 
taken steps to obtain information regarding the carboniferous strata whence my 
sample of mineral was derived ; the details cannot fail to be of great interest. 
Meanwhile I have been assured that the seam where explored is about a metre in 
thickness. The Argentine provinces of Cordoba and San Luis are already well 
known as sources of vanadium minerals, such as vanadinite, dixloizite, and 
psitlacinite. The province of Mendoza must now be added to the list of localities 
in the Argentine Republic where vanadium is to be found. 


16. Sewage Precipitation. By G. Carrineton PuRvIs. 


WEDNESDAY, AUGUST 10. 


The following Papers and Reports were read :— 


1. Atomic Weight of Boron. By W. Ramsay, Ph.D., F.R.S., and 
Emity Aston, B.Sc. (Lond.) 


We have made are-determination of the atomic weight of boron by the follow- 
ing methods :— 

1, A preliminary re-determination of the water of crystallisation in borax. 

2. Conversion of anhydrous sodium borate into sodium chloride, by distillation 
of the borax with hydrochloric acid and methyl alcohol, and weighing the result- 
ing sodium chloride. 

Pure borax was prepared from pure boracic acid and pure soda. It was found 
to be an efflorescent substance, so the estimation of the water of crystallisation is 
hardly a method suited for an atomic weight determination. We made our ex- 
periments upon it during damp weather, so that the loss of water that it under- 
went was not great. 


Metuop I. 


Determination of the water of crystallisation in borax, Na,B,O,10H.,0. 

A weighed quantity of borax, generally about 5 grams, was placed in a plati- 
num dish, and heated in an air-bath at a temperature of about 90--110° C. for 
some time; the temperature was gradually raised to about 350° C.; the borax 
swelled up very much, and in some cases there was loss by spurting; the dish was 
then taken out of the air-bath, and the borax fused over the blowpipe ; it was 
then allowed to cool in a desiccator, and the fused borax weighed. ‘the loss in 
weight gave the percentage of water, from which the atomic weight was calcu- 
lated. 

The results are given in Table I. The mean atomic weight obtained is 10°921 
for boron. 

The atomic weights used in the calculations are: H=1:008; O=16; 
Na=23:05; Cl=35:-45; Ag =107-92. 
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Benton Weight of crystal-| Weight of fused | Percentage of | Atomic weight 
PERE NO: line borax borax water lost of boron 

3 10°3581602 5°4784357 47:1099 / 11-04 
5 5°3440080 2°8246677 47:1433 10:97 
6 4:9962580 2°6378934 | 47°2026 10°85 
ff 5:7000256 30101127 47:1912 10°87 
9 5:3142725 2°8065646 47-1882 10°88 

abil 49971924 2°6392016 47-1865 10°885 

12 5°2366921 2°7674672 47°1524 10°955 
Ageregate 41:9466088 2271631808 47-1633 10:93 


Mean atomic weight B=10:921, 
Probable error + -010. 


Mertuop II. 


Distillation with methyl alcohol and hydrochloric acid. 

A weighed quantity of anhydrous borax was dissolved in a small quantity of 
water, alcohol added, and an excess of pure hydrochloric acid ; it was then dis- 
tilled on a water-bath with addition of methyl alcohol, till boracic acid could no 
longer be detected in the distillate by the flame test. The flask was then dried in 
an air-bath at a temperature of about 100-110° C. in a slow current of air. The 
temperature was then raised to about 350° for two or three hours to drive off the 
last traces of water; the flask was then left to cool, and weighed after it had stood 
for some time in the balance case. 

The weight of salt obtained from the borax was thus determined ; the sodium 
present was calculated; from this number the amount of borax corresponding to 
two atomic proportions of sodium was found; this number less Na,O, gave B,, 
and hence the atomic weight of boron. 

In the first series of experiments a flask of soft glass was used. The results 
obtained were not very concordant, for the glass was attacked, replacement of 
oxygen by chlorine took place, resulting in the formation of silica and sodium 
chloride from sodium silicate, for on dissolving the salt in water an insoluble resi- 
due of silica was left. 

The results are given in Table II.; the mean atomic weight is 10-952, and is 
not far from that obtained in the next series of distillations. 


Tae II. 
Weight of fused Weight of sodium Atomic weight of 

Expt. No. borax “chloride boron 
14 4-7684431 2°7597665 11:015 

15 527403818 3°0578213 10°925 

16 32344088 18727203 10°992 

17 4:0861923 2°3713122 10°879 

18 3°4970297 20265645 10:949 
Aggregate 20°8601057 120881848 10°951 


Mean atomic weight B=10°952. 
Probable error + ‘010. 


SrconD SERIES, 


To avoid the error introduced by the action of the hydrochloric acid and aicohol 
upon the soft glass, a flask made of combustion tubing was used. It was found 
that this glass was hardly acted upon, but when the salt was dissolved in water a 
very slight residue of silica was left. In order to check the results, the chlorine 
in the sodium chloride was estimated with silver nitrate in the usual manner; the 
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silver chloride was collected on a Gooch’s filter, and dried in an air-bath at a tem- 
perature of about 200° C. The results obtained gave a rather low percentage of 
chlorine; calculated with Clarke’s atomic weights it is 60°598. If the atomic 
weight of boron is determined from the chlorine, it is rather higher than that given 


from the weight of salt. 


Taste Iii. 

| : Atomic 
| Weight of | Weight of | Atomic | Weight of | Chlorine | \oichtof 

Expt. No fused borax | sodium chlor- | weight of || silver chloride |. P&* cae *| boron 

Na,B,4O7 ide NaCl boron AgCl ate cone from 

emMoride | chlorine 

22 5°3118075 3°0761181 | 10°983 7525869 60°493 | 11:071 

23 47805583 2:7700458 | 10°955 6°7794186 | 60°515 | 11-024 

24 49907395 2°8929844 | 10°936 7°0804317 | 60°516 | 11:003 

25 4°7231225 2°7360411 | 10-968 6°6960242 | 60°514 | 11:039 

26 3°3137921 1:9187258 | 10:992 46931271 | 60°479 | 11:091 

| Aggregate | 23°1200199 | 13°3939152 | 10-965 32°7748706 | 60°505 | 11-084 


Mean atomic weight of 
boron 11:052. 
Probable error + ‘010. 


Mean atomic weight of boron 10:966. 
Probable error + ‘005. 


Since no special precautions were taken to obtain pure silver for the chlorine 
determinations, but ordinary silver nitrate was employed, it is probable that the 
distillation results yield the more correct atomic weight of boron, which is there- 
fore 10-966. 


2. On the Preparation of pure Glucina, and the Atomic Weight of Glucinum. 
By Dr. J. Greson. 


3. On the Assumed Potential Difference between a Metal in the Molten and 
the Solid State. By Professor W. Ostwatp. 


If two pieces of the same metal are immersed in a suitable electrolyte con- 
taining this metal as an ion, and the whole is maintained at the melting-point of 
the metal, it is possible to keep one of the pieces in the solid, the other in the 
liquid state. It is generally admitted that such a system would show an electro- 
motive force, the amount of which can be calculated from the latent heat of the 
fused metal. 

But if there were indeed.a potential difference between both the electrodes, it 
would be possible to gain electric energy, and therefore also mechanical work, 
from heat at a constant temperature, contrary to the second law of thermodynamics. 
A potential difference is therefore impossible in this case. 

To control this conclusion several experiments were executed at my request by 
Dr. Lash Miller in my laboratory. They led to the result that no potential 
difference exists between the same metal in the solid and in the liquid state at the 
melting-point. The cells consisted of tin in a molten mixture of sodium and 
potassium nitrates, of lead in molten zinc chloride containing some lead chloride, 
and of mercury in sulphuric acid of 60 per cent., and mixed with mercurous 
sulphate. In no case was it possible to detect a potential difference of 0-001 volt. 
The above-mentioned calculation from the latent heat would give some centivolts. 

It is easy to deduce from the second law of thermodynamics that at the 
melting-point there must be a break in the E.M.F., although not a jump. The 
ease is fully analogous to the case of vapour pressure upon water and ice. Indica- 
tions of the break were observed, but no measurements were made. 

Tf the metal is combined with another, forming a cell of the Daniell pattern, 
and the chemical energy of the combination is converted by the current generated 
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in this cell fully into electrical energy, the metal being solid, there must be # 
difference of both the energies if the same metal is in the liquid state, and vece 
versd. It is therefore proved that there must exist cells whose chemical and 
electrical energies are not equal, 


4, Note on Exact Weighing. By Dr. J. Gipson. 


5. Analysis of Manganese Nodules. By Dr. J. Greson. 


6. On the lodides of Sulphur. 
By Professor Hursert McLeop, F.R.S. 


An iodide of sulphur, SI,, isomorphous with iodine was prepared by Landolt and 
measured crystallographically by vom Rath (Pogg. ‘ Annalen,’ cx. 116). It was 
made by allowing a solution of iodine and sulphur in carbonic disulphide to evapo- 
rate spontaneously. As the existence of this compound has been adduced as a 
proof of the hexad character of sulphur, it seemed advisable to investigate its 
properties. 

Some of the substance was prepared by the process mentioned, and in order to 
separate it from any admixture of iodine it was placed in a tube which was after- 
wards exhausted by the Sprengel pump and sealed. One end of the tube was then 
surrounded by muslin, kept wet with water by means of a piece of cotton-wick ; 
iodine volatilised, at first rapidly, but afterwards more slowly. After the lapse of 
three months a residue was left at the end of the tube, which, on analysis, was 
found to contain 98°5 per cent. of sulphur. 

Another quantity was dissolved in carbonic disulphide and the solution allowed 
to evaporate; as crystals were formed the liquid was poured off and the crystals 
washed with carbonic disulphide. In this manner five crops of crystals were 
obtained, none of which contained more than ‘5 per cent. of sulphur; the residue 
left on allowing the mother liquor to evaporate contained 56 per cent. of sulphur. 

The iodine is entirely removed from the substance by digesting it in a solution 
of potassic iodide. 

‘When some of the powdered substance is exposed to the air in a shallow layer 
the iodine all volatilises, leaving a residue of sulphur. 

When acted on by a solution of sodic hydrate a residue of sulphur is left, and 
the solution gives very little precipitate with baric chloride after acidifying with 
hydrochloric acid. 

The properties of the substance seem to indicate that it is a mechanical mixture 
of iodine and sulphur, and not a chemical compound. 

Some experiments were then made with the iodide of sulphur, §,I,, described 
by Guthrie. This was prepared by mixing chloride of sulphur, S,Cl,, with ethylic 
jodide and allowing the mixture to remain in a sealed tube for four days. Black 


crystals were then found in the tube. On opening the latter a large quantity of 


the vapour of ethylic iodide escaped. The crystals were removed from the tube 
and powdered. On heating a portion in a test tube it fused at a temperature a little 
above the boiling point of water. 

Some of the substance in vacuo gave off iodine, leaving a light-coloured residue. 

Some of the substance dissolved in sulphide of carbon was crystallised fraction- 
ally: the first crop contained *38 per cent. of sulphur; the second, ‘81; the third, 
1-07; and the fourth, 34-78. On allowing the mother liquor to evaporate the residue 
contained 76°32 per cent. of sulphur. 

‘When acted on by sodic hydrate the iodine is removed and all the sulphur 
remains behind, the solution giving no precipitate with baric chloride after adding 
hydrochloric acid. It is usually stated in text-books that the compound undergoes 
a decomposition similar to that of chloride of sulphur, forming an iodide and a 
sulphite or thiosulphate with separation of sulphur. 


a ee 


TRANSACTIONS OF SECTION B. 691 


The fusing point being lower than those of iodine and sulphur would indicate 
that some chemical action takes place when the elements are mixed together, but 
its properties more resemble those of a non-metallic alloy than of a definite chemical 
compound, 


7. On Solutions of Iodine. By W. W. J. Nicon, D.Sc. 


The question as to the composition of the iodine molecule in solution is one 
which has from time to time attracted the attention of chemists. It is well known 
that the colour of dilute solutions of iodine is dependent largely on the nature of 
the solvent, and this difference of colour has been generally attributed to a greater 
or less complexity of the iodine molecule. The well-known violet of iodine vapour 
is characteristic of the solution of iodine in carbon disulphide, and from this it is 
argued the molecule must be the same in both states, z.e., I.. 

The methods employed for the determination of the molecular weight of iodine 
in solution have been two: that dependent on the lowering of the freezing point 
of the solvent—a method necessarily applicable to but few solutions —the other 
relies on the alteration of the vapour pressure of the solvent, a method of general 
applicability. The first of these has been employed by Gautier and Charpy, the 
second by Loeb and Beckmann, 

But these results are far from satisfactory, and the author has endeavoured to 
throw further light on this subject by a study of the molecular volume of iodine 
in solution. His experiments are far from complete, but he wished to lay some of the 
first results before the Section with the object of reserving his special method of 
investigating the point. 

The method of experimenting is extremely simple: solutions of iodine in various 
solyents are prepared of definite strength by direct weighing of both substances, the 
specific gravity of the solutions is then determined at a definite temperature (20°C.), 
and thus the apparent volume of the iodine in solution can be calculated, 

The following are the results obtained :— 


Solvent Atomic Volume I. 

Ether . : - : ‘ : . 21:2 

Rectified spirits . : 5 . of oko 

Beuzol . : ; - 6 = + d11-31:3 (<9 per cent. I.) 

Chloroform . 5 - 5 c - 82-4 

Carbon disulphide . - . . 35°6 

Potassium iodide, 13 percent. . 5 tle (3 5 oe) 
” 8 ” : LI 28:7 (1 ” ” ) 
An 4 Pe c . 29:4 @! is ae) 


Neglecting the three results with potassium iodide for the present we find on 
dividing the atomic weight by the atomic volume that the densities of iodine in the 
first five solvents are as follows :— 

Atomic Volume calculated 


Ether . ; : : : - = 6:0 121 = 21:1 
Rectified spirits ; = 50 227 = 317 
Benzol F = 5:0 — = 

Chloroform < ; A - = 

Carbon disulphide . , ' wot) p27 = 363 


While solid iodine has a density of 5:0 and the atomic volume 25:4. 


The solutions in solutions of potassium iodide clearly belong to a different order; 
there is evidently combination more or less complete between the potassium iodide 
and the iodine. 

Before any definite conclusion can be arrived at the experiments must be 
‘extended to include other solvents, and the behaviour of all the solvents with some 
substance which does not alter its molecular constitution must be fully examined. 
This the author intends to carry out at once. 


———— 
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8. Persulphates. By Dr. H. MArsHAt. 
9. Cobaltic Salis. By Dr. H. MarsHatn. 


10. Report of the Committee on the Bibliography of Spectroscopy. 
See Reports, p. 192. 


11. Report of the Committee on the Action of Light on the Hydracids of the 
Halogens in the Presence of Oxygen.—See Reports, p. 192. 


12. Report of the Committee on the Proximate Constituents of the Various 
Kinds of Coal.—See Reports, p. 264. 


13. Note on Valency or Atomicity. By Wm. Duraan, FP. RSL. 


The author referred to several communications which he had made to the 
Royal Society of Edinburgh many years ago, and to a paper in the ‘ Revue des 
Sciences Générales’ for June last, by Professor Schutzenberger, of the Royal College 
of France, who puts forth views identical with the author’s. 

Although it is quite true that the constitution of matter is atomic, there is no 
evidence to show that the chemical affinity associated with these atoms acts in 
units or in an atomic manner, but that on the contrary it acts within certain limits 
in all proportions, and may be all exhausted in combination, or part of it may be 
left as a residue too weak to produce a further undoubted chemical compound, but 
yet of sufficient energy to produce the phenomena of solution. 

Take, for instance, NH;. From this compound it is inferred that nitrogen is a 
triad, but it is found that this substance can combine with other two monad 
elements, viz., HCl. To explain this it is said that nitrogen acts sometimes as a 
pentad, and the resultant compound is represented thus :— 

EH 


This must mean that the nitrogen, although already combined with three 
hydrogen atoms, and presumably possessing less chemical affinity than when free, 
has yet sufficient energy left, not only to combine with one additional atom of H 
and one of Ol, but also to dissociate the atoms of H and Cl combined as HCl. 
From the known affinities of the substances concerned this appears to the author 
to be incredible, and Professor Schutzenberger is of the same opinion. Analogous 
difficulties are found in double salts, such as the chlorides of platinum and potas- 
sium, &c. The solution of all these difficulties and many others of a like nature is 
very simple if it be admitted that chemical affinity is exercised, not in units, but as 
it were all round in any proportion, according to circumstances. Thus NH,Cl may 
be represented graphically thus, without supposing any residual affinity whatever, 
although the author believes there is such :— 


Js \AKAR fa 
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Analogous arrangements would represent the double chlorides. These examples 
were given in the author's original paper eleven years ago, and are the same as 
those which were given by Professor Schutzenberger in June last. 

In 1878, in another paper, the author stated that from the behaviour of clay in 
water and other experiments he had come to the conclusion that in chemical com- 
pounds the affinity is not all exhausted in all cases, but that sometimes-enough 
remained to give rise to solution and suspension phenomena, and that there is a 
regular gradation between chemical combination, solution, and suspension. The 
idea of residual affinity has now been adopted by many chemists, and lately Messrs. 
Picton and Linders, from experiments on solution of sulphites, have also come to 
the conclusion that there is no hard-and-fast line between solution and suspension. 
This confirms the conclusion which the author drew from his experiments of 
fourteen years ago. 


14, On a Method for Determining the Vapour-pressures of Solutions. By 
Tomas Ewan, B.Sc., Ph.D., 1851 Hvhibition Scholar at the Owens 
College, and W.R. Ormanvy, Bishop Berkeley Fellow at the Owens 
College. 


M. G. Charpy has pointed out in the ‘Comptes Rendus’ for 1890, p. 111, the 
possibility of using a condensation hygrometer of Regnault’s form for the determi- 
nation of the vapour-pressures of solutions. The paper contains a description of 
some experiments which we have made with this method. 

The solution to be examined was placed in a cylindrical vessel, 45 cm. in , 
diameter and 13°5 cm. long, with a narrower neck 20 cm. long. The solution was 
stirred by means of a ring of platinum wire attached to a light glass rod. The 
hygrometer, consisting of a single silver cup attached to a glass tube 22 cm. long, 
slipped loosely into the vessel containing the solution, was suspended about half 
an inch above its surface. 

The whole apparatus was placed in a water-bath, which could be kept at a 
constant temperature. : 

The readings of the dew-point were made by observing the temperature at 
which the first traces of dew appeared on the hygrometer. The vapour-pressure of 
water corresponding to the temperature of the dew-point was taken from Regnault’s 
tables, The number so obtained is the vapour-pressure of the solution at the tem- 
perature of the water-bath. 

The accuracy of the method was tested by a number of readings with 

(a.) Water. 

(6.) Solutions of NaCl and Cu(Cl,. 

Table I. contains the readings made with water ; the dew-point should coincide 
with the temperature of the water. 


Tasre I. 
Temperature of Water Dew-point Difference 
18°39 18°39 00 
18°40 18:40 00 
18:40 18°42 +'02 
18°41 18-42 +01 
18°30 18:29 — Ol 
18°29 18:27 — 02 


Sodium Chloride. 


Table II. contains a comparison of the values of f/f ( f being the vapour-pres- 
sure of water, and f’ that of the solution) obtained by ourselves and by other ob- 
servers. © isthe concentration of the solution in gramme molecules of NaCl in 1,000 
grammes of water. 
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Cc Dieterici Tammann Emden Ewan and Ormandy 
1 1:036 1-033 1:039 1-036 

2 1-074 1073 1-080 1:072 . 

3 1120 1118 1:127 1117 

4 1176 1171 1:187 1181 

5 1-241 1:232 1:252 1247 

6 1315 1:302 1:310 


In Table III. the vapour-pressures of solutions containing ‘05, ‘1, and ‘2 gramme 
of CuCl, in one gramme of water (interpolated from our observations) are com- 
pared with those calculated from the heats of dilution of solutions of CuCl, by 
the method adopted by Kirchhoff (Pogg. ‘ Ann.,’ civ. 612). 
temperature, ‘ / calculated’ = the vapour-pressures calculated by Kirchhoff’s formula, 


Copper Chloride. 


and ‘ f’ found’ that obtained from our observations. 


Tn the tables, ¢ =the 


Tasre III. 
s="0d 
t f' found J’ calculated | Difference 
— 1:905 3°935 3°925 +°010 
+145 12:039 12041 — ‘002 
16 13°263 13°253 +°010 
18 15-033 15:037 — 004 
s=1 
t J’ found J’ calculated Difference 
— 412 3°258 3°261 — 003 
+145 11:76 11-777 —-001 
16 12/981 12°964 +017 
18 14-706 14-711 — ‘005 
s— "2 
t f' found J! calculated Difference 
—9°63 1-957 2044 —'087 
14°5 11:243 11-208 +°035 
16 12:389 12°370 +019 
14:035 14:042 — 007 
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Section C.—GEHOLOGY. 


PRESIDENT OF THE SEcTION—Professor C. LapwortH, F.R.S., F.G.S, 


The PRESIDENT delivered the following Address on Monday, August 8 :— 


Tr has, I believe, been the rule for the man who has heen honoured by election to 
‘the Chair of President of the Geological Section of the British Association to 
address its members upon the recent advances made in that branch of geology in 
which he has himself been most immediately interested. It is not my intention 
upon the present occasion to depart from this time-honoured custom; for it has 
poth the merit of simplicity and the advantage of utility to recommend it. In 
this way each branch of our science, as it becomes in turn represented, not only 
submits to the workers in other departments a report of its own progress, but 
presents by implication a broad sketch of the entire geological landscape, seen 
through the coloured glasses, it may be, of divisional prejudice, but at any rate 
instructive and corrective to the workers in other departments, as being taken 
from what is to them a novel and an unfamiliar point of view. 

Now every tyro in geology is well aware of the fact that the very backbone of 
geological science is constituted by what is known as stratigraphical geology, or 
the study of the geological formations. These formations, stratified and un- 
stratified, build up all that part of the visible earth-crust which is accessible to the 
investigator. Their outcropping edges constitute the visible exterior of our globe, 
the terraqueous surface of which forms the physical geography of the lands of the 
present day; and their internal characters and inter-relationships afford us our 
only clues to the physical geographies of bygone ages. Within them lies enshrined 
all that, we may ever hope to discover of the history and the development of the 
habitable world of the past. 

These formations are to the stratigraphical geologist what species are to the 
biologist, or what the heavenly bodies are to the astronomer. It was the discovery 
of these formations which first elevated geology to the rank of a science. In the 
working out of their characters, their relationships, their development, and their 
origin, geology finds its means, its aims, and its justification. Whatever fresh 
material our science may yield to man’s full conception of nature, organic and 
inorganic, must of necessity be grouped around these special and peculiar objects 
-of its contemplation. 

When the great Werner first taught that our earth-crust was made up of 
superimposed rock-sheets, or formations, arranged in determinable order, the value 
of his conclusions from an economic point of view soon led to their enthusiastic 
and careful study ; and his crude theory of their successive precipitation from a 
universal chaotic ocean disarmed the suspicions of the many until the facts 
themselves had gained such a wide acceptance that denial was no longer 
possible. But when the greater Hutton asserted that each of these rock- 

formations was in reality nothing more or less than the recemented ruins of an 
earlier world, the prejudices of mankind at large were loosed at a single stroke. 
Like Galileo’s assertion of the movement of the globe, this demanded such 
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a simple and apparently undignified mode of creation that there is no wonder 
that, even down to the present day, there still exist some to whom this is a hard 
saying, to be taken, if taken at all, in homceopathic doses and with undisguised 
reluctance. 

Hutton as regards his philosophy was, as we know, far in advance of his 
time. With all the boldness of conviction he unflinchingly followed out his ideas 
to their legitimate results. He claimed that as the stratified formations were com- 
posed of similar materials—sands, clays, limestones, and muds—to those now 
being laid down in the seas around our present coasts, they must, like them, have 
been the products of the ordinary natural agencies—of rain, rivers, and sea waters, 
internal heat and external cold—acting precisely as they act now. And, further,. 
that as these formations lie one below the other, in apparently endless downward 
succession, and are all formed more or less of these fragmentary materials, so the 
present order of natural phenomena must have existed for untold ages. Indeed, to. 
the continuance of this order, he frankly admits ‘I see no trace of a beginning 
or sign of an end.’ 

The history of the slow acceptance of Hutton’s doctrines, even among geologists, 
is, of course, perfectly familiar to us all. William Smith reduced the disputed forma- 
tions to order, and showed that not only was each composed of the ruins of a 
vanished land, but that each contained in its fossils the proof that it was deposited 
in a vanished sea inhabited by a special life creation. Cuvier followed, and proved 
that the fossilised relics of these departed beings were such as made it absolutely 
unquestionable that these creatures might well have inhabited the earth at the: 
present day. Lyell completed the cycle by demonstrating stage by stage the 
efficiency of present natural agencies to do all the work required for the degrada- 
tion and rebuilding of the formations. Since his day the students of strati- 
graphical geology have universally acknowledged that in the study of present 
geographical causes lies the key to the geological formations and to the inorganic 
world of the past. 

In this way the road was paved for Darwin and the doctrine of descent. The 
aid which had been so ungrudgingly afforded by biology to geology was repaid by 
one of the noblest gifts ever made by one science to another. For the purposes 
of geology, the science of biology had practically completed a double demonstra- 
tion: first, that the extinct life discernible in the geological formations was linked 
inseparably with the organic life of the present; and, second, that every fossil 
recognised by the geologist was the relic of a creature that might well have existed 
upon the surface of the earth at the present time. Geology repaid its obligation 
to biology by the still greater twofold demonstration: first, that in the economy 
of nature the most insignificant causes are competent to the grandest effects, if only 
a sufficiency of time be granted them; and, second, that in the geological forma- 
tions we have the evidences of the actual existence of those mighty eons in which 
such work might be done. 

The doctrine of organic evolution would always have remained a metaphysical 
dream had geology not given the time in which the evolution could be accom- 
plished. The ability of present causes to bring about slow and cumulative changes 
in the species is, to all intents and purposes, a biological application of Hutton’s 
ideas with respect to the origin of the geological formations. Darwin was a bio- 
logical evolutionist, because he was first a uniformitarian geologist. Biology is 
pre-eminent to-day among the natural sciences, because its younger sister, Geology,. 
gave it the means. 

But the inevitable consequence of the work of Darwin and his colleagues was 
that the centre of gravity, so to speak, of popular regard and public controversy,. 
was suddenly shifted from stratigraphical geology to biology. Since that day 
stratigraphical geology, to its great comfort and advantage, has gone quietly on its 
way unchallenged, and all its more recent results have, at least by the majority of 
the wonder-loving public, been practically ignored. 

Indeed, to the outside observer it would seem as if stratigraphical geology for: 
the last thirty years had been practically at a standstill, The startling discoveries 
and speculations of the brilliant stratigraphists of the end of the last century and 
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the first half of the present, forced the geology of their day into the very front rank 
of the natural sciences, and made it perhaps the most conspicuous of them all in 
the eyes of the world atlarge. Since that time, however, their successors have been 
mainly occupied in completing the work of the great pioneers. The stratigraphical 
geologists themselves have been almost wholly occupied in laying down upon our 
maps the superficial outlines of the great formations, and working out their inter- 
relationships and subdivisions. At the present day the young stratigraphical student 
soon learns that all the limits of our great formations have been laid down in 
our maps and textbooks, and finds but little to add to the accepted nomenclature 
of the time. 

Our paleontologists, also, have equally busied themselves in working out the 
rich store of the organic remains of the geological formations ; and the youthful 
investigator soon discovers that almost every fossil he is able to detect in the field 
has already been named, figured, and described, and its place in the geological 
record more or less accurately fixed. 

In France, in Germany, in Norway, Sweden, and elsewhere, in Canada and in 
the United States, work as thorough and as satisfactory has been accomplished, 
and the local development of the great stratified formations and their fossils has 
been laid down with detail and clearness. 

Many an unfledged but aspiring geologist, alive to these facts, and contrast- 
ing the well-mapped ground of the present time with the virgin lands of the days 
of the great pioneers, finds it hard to stifle a feeling of keen regret that there 
are, nowadays, no new geological worlds to conquer, no new systems to discover and 
name, and no strange and unexpected faunas to unearth and bring forth to the 
astonished light of day. The youth of stratigraphical geology, with all its wonder 
and freshness, seems to have departed, and all that remains is to accept, to 
commemorate, and to round off the glorious victories of the dead heroes of our 
science. 

But to the patient stratigraphical veteran, who has kept his eyes open to dis- 
coveries new and old, this lull in the war of geological controversy presents itself 
rather as a grateful breathing time ; the more grateful as he sees looming rapidly 
up in front the vague outlines of those oncoming problems which it will be the 
duty and the joy of the rising race of young geologists to grapple with, and to 
conquer, as their fathers met and vanquished the problems of the past. He knows 
perfectly well that geology is yet in her merest youth, and that to justify even 
her very existence there can be no rest until the whole earth-crust and all its 
phenomena, past, present, and to come, have been subjected to the domain of 
human thought and comprehension. There can be no more finality in geology 
than in any other science; the discovery of to-day is merely the stepping-stone to. 
the discovery of to-morrow; the living theory of to-morrow must be nourished 
by the relics of its parent theory of to-day. 

Now if we ask what are these formations which constitute the objects of study 
of the stratigraphical geologist, I am afraid tbat, as in the case of the species of the 
biologist, no two authorities would agree in framing precisely the same definition. 
The original use of the term formation was of necessity lithological, and even now 
the name is most naturally applied to any great sheet of rock which forms a com- 
ponent member of the earth-crust; whether the term be used specifically for a 
thin homogeneous sheet of rock like the Stonesfield slate, ranging over a few 
square miles; or generically, for a compound sheet of rock, like the Old Red 
Sandstone many thousands of feet in thickness, but whose collective lithological 
characteristics give it an individuality recognisable over the breadth of an entire 
continent. 

When Werner discovered that the ‘formations’ of Saxony followed each 
other in a certain recognisable order, a second characteristic of a formation 
became superposed upon the original lithological conception—namely, that of de- 
terminate ‘relative position.’ And when William Smith proved that each of the 
formations of the English Midlands was distinguished by an assemblage of organic 
remains peculiar to itself, there became added yet a third criterion—that of the 
possession of ‘characteristic fossils.’ 
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But these later superposed cunceptions of time-succession, and life-type, are 
far better expressed by dividing the geological formations, on the one hand, into 
zoological zones, and grouping them together, on the other hand, into chronological 
systems. For in the experience of every geologist he finds his mind instinctively 
harking back to the bare lithological application of the word ‘ formation,’ and I do 
not see that any real advantage is gained by departing from the primitive use of 
the term. 

A zone, which may be regarded as the unit of paleontological succession, is 
marked by the presence of a special fossil, and may include one or many sub- 
ordinate formations, or only a part of a formation. A system, which is, broadly 
speaking, the wnt of geological succession, includes many ‘ zones,’ and often, but 
not always, many ‘formations.’ A formation, which is the unit of geological 
stratigraphy, is a rock sheet composed of many strata possessing common litho- 
logical characters. The formation may be simple, like the Chalk, or compound, 
like the New Red Sandstone, but, simple or compound, local or regional, it must be 
always recognisable, geographically and geologically, as a lithological individual. 

As regards the natural grouping of these lithological individuals as such, fair 
progress has been made of late years,and our information is growing apace. We 
know that there are at any rate three main groups: First, the stratified formations 
due to the action of moving water above the earth-crust ; second, the igneous forma- 
tions which are derived from below the earth-crust ; third, the metamorphic forma- 
tions which have undergone change within the earth-crust itself. We know also 
that of these three the only group which has hitherto proved itself available for the 
purpose of reading the past history of the globe is that of the stratified formations. 

Studying these stratified formations therefore in greater detail, we find that they 
fall naturally in their turn into two sets, viz., a mechanical set of pebble beds, 
‘sandstones and clays, formed of rock fragments, washed off the land into the waters, 
and an organic set of limestones, chalk, &c., formed of the shells and exuvice of 
marine organisms. 

But when we attempt a further division of these two sets, our classification 
soon begins to lose its definiteness. We infer that some formations, such as the 
Old Red and the Triassic, were the comparatively rapid deposits of lakes and inland 
seas; that others, like the Coal Measures, London Clay, &c., were the less rapid 
deposits of lagoons, river valleys, deltas, and the like; that others, like our finely 
laminated shales and clays of the Silurian and Jurassic, were the slower deposits of 
the broader seas; and finally, that others, like our Chalk and Greensand, were 
possibly the extremely slow deposits of the more oceanic deeps. 

Nevertheless, after looking at the formations collectively, there remains no 
‘doubt whatever in the mind of the geologist that their mechanical members are 
the results of the aqueous degradation of vanished lands, and that their organic 
members are the accumulated relics of the stony secretions of what once were 
living beings. Neither is there any possibility of escape from the conclusion that 
they have ail been deposited by water in the superficial hollows—the lakes, the 
.sea-bottoms, and the ocean floors—of the earth-crust of their time. 

In the life of every individual stratified formation of the mechanical type we 
can always distinguish three stages: first, a stage of erosion and transportation, 
in which the rock fragments were worn off the rocks of the higher ground and 
washed down by rain and rivers to the sea; second, a stage of deposition and 
consolidation below the surface of the quiet waters; and third, a final stage in 
which the completed rock-formation was bent and upheaved, in part at least, into 
solid land. In the formations of the organic type three corresponding stages are 
equally discernible: first, the period of mineral secretion by organised beings ; ; 
second, the period of deposition and consolidation; and third, the final period of 
local elevation i in mass. But one and all, mechanical and organic alike, the forma- 
tions bear in their composition, in their arrangement, and ‘in their fossils, abun- 
‘dant and irresistible evidences that they were the products, and that they are 
the memorials of the physical geography of their time. 

Guided by the principles of Hutton and Lyell, geologists have worked out with 
great care and completeness the effects of those agencies which rule in the first 
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of these three life-stages in the history of a mechanical formation. No present 
geological processes are better known to the young geologist than those of 
denudation, erosion, and transportation, so familiar to us in the eloquent works of 
our President. They form together the subject-matter of that most wonderful and 
fascinating chapter in geology which, from its modest opening among the quiet 
Norfolk sandhills, sweeps upwards and onwards without a break to its magnificent 
close on the brink of the gorge of the Colorado. But our knowledge of the de- 
tailed processes of deposition and consolidation which rule in the second stage 
is still exceedingly imperfect, although a flood of light has been thrown upon 
the subject by the brilliant results of the Challenger Expedition. And we are 
compelled to admit that our knowledge of the operations of those agencies which 
rule in the processes of upheaval and depression is as yet almost nil; and what 
little we have already learnt of the effects of those agencies is the prey of hosts of 
conflicting theories that merely serve to annoy and bewilder the working student 
of the science. 

But not one of the formative triad of detrition, deposition, and elevation can 
exist without the others. No detrition is possible without the previous upheaval 
of the rock-sheet from which material can be removed; no deposition is possible 
without the previous depression of the rock-sheet which forms the basin in which 
the fragmentary material can be laid down. 

Our knowledge, therefore, of the origin and meaning of any geological 
formation whatever can at most be only fragmentary until this third chapter in 

_ the life-history of the geological formation has been attacked in earnest. 

Now, all the rich store of knowledge that we possess respecting the first stage 
in the life of a geological formation has been derived from a comparison of the 
phenomena which the stratigraphical geologist finds in the rock formations of the 
past, with correspondent phenomena which the physical geographer discovers on 
the surface of the earth of the present. And all that we know of the second stage 
has been obtained in precisely the same way. Surely analogy and common sense 
both teach us that all which is likely to be of permanent value to us as regards 
the final stage of elevation and depression must first be sought for in the same 
direction. 

Within the last twenty years or so many interesting and vital discoveries have 
been made in the stratigraphy of the rock formations that bear largely upon this 
obscure chapter of elevation and depression. And I propose on this occasion that 
we try to summarise a few of these new facts; and, reading them in conjunc- 
tion with what we actually know of the physical geography of the present day, try 
to ascertain how such mutual agreement as we can discover may serve to aid the 
stratigraphical geologist in his interpretation of the true meaning of the geological 
formations themselves. We may not hope for many years to come to read the 
whole of this geological chapter, but we may perhaps modestly essay an interpre- 
tation of one or two of the opening paragraphs. 

In the physical geography of the present day, we find the exterior of our 
terraqueous globe divided between the two elements of land and water. We know 
that the solid geological formations exist everywhere beneath the visible surface of 
the lands, but of their existence under the present ocean floor we have as yet no 
absolute certainty. We know both the form of the surface and the composition 
of the outer layers of the continental parts of the lithosphere; we only know as 
yet even in outline the form of the surface of its oceanic portions. 

The surface of each of our great continental masses of land resembles that of 
a long and broad arch-like form, of which we see the simplest type in the New 
World. The surface of the North American arch is sagged downwards in the 
middle into a central depression which lies between two long marginal plateaux ; 
and these plateaux are finally crowned by the wrinkled crests which form its two 
modern mountain systems. The surface of each of our ocean floors exactly resembles 
that of a continent turned upside down. Taking the Atlantic as our simplest type, 
we may say that the surface of an ocean basin resembles that of a mighty trough 
or syncline, buckled up more or less centrally into a medial ridge, which is bounded 
by two long and deep marzinal hollows, in the cores of which still deeper grooves 
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sink to the profoundest depths. This complementary relationship descends even to 
the minor features of the two. Where the great continental sag sinks below 
the ocean level, we have our gulfs and our Mediterraneans, seen in our type 
continent as the Mexican Gulf and Hudson Bay. Where the central oceanic 
buckle attains the water-line we have our oceanic islands, seen in our type ocean 
as St. Helena and the Azores. Although the apparent crust-waves are neither 
equal in size nor symmetrical in form, this complementary relationship between 
them is always discernible. The broad Pacitic depression seems to answer to the 
broad elevation of the Qld World—the narrow trough of the Atlantic to the 
narrow continent of America. 

Every primary wave of the earth’s surface, again, is broken up into minor waves, 
in each of which the ridge and its complementary trough are always recognisable. 
The compound ridge of the Alps answers to the compound Mediterranean trough ; 
the continuous western mountain chains of the Americas to the continuous hollow 
of the Eastern Pacific which bounds them ; the sweep of the crest of the Himalaya 
to the curve of the Indo-Gangetic depression. ven where the surface waves of 
the lithosphere lie more or less buried beneath the waters of the ocean and the 
seas, the same rule always obtains. The island chains of the Antilles answer to 
the several Caribbean abysses, those of the Adgean Archipelago answer to the 
Levantine deeps. 

Draw a section of the surface of the lithosphere along a great circle in any 
direction, the rule remains always the same: crest and trough, height and hollow, 
succeed each other in endless sequence, of every gradation of size, of every degree of 
complexity. Sometimes the ridges are continental, like those of the Americas; some- 
times orographic, like those of the Himalaya; sometimes they are local, like those 
of the English Weald. But so long as we do not descend to minor details we find 
that every line drawn across the earth’s surface at the present day rises and falls 
like the imaginary line drawn across the surface of the waves of the ocean. No 
rise of that line occurs without its complementary depression ; the two always go 
together, and must of necessity be considered together. Hach pair constitutes one 
of those geographical units of form of which every continuous direct line carried 
over the surface of the lithosphere of our globe is made up. This unit is always 
made up of an arch-like rise and a trough-like depression, which shade into each 
other along a middle line of contrary curvature. It resembles the letter S or 
Hogarth’s line of beauty, and is clearly similar in form to the typical wave of 
the physicist. Here, then, we reach a very simple and natural conclusion: viz., 
the surface of the earth-crust of the present day resembles that of a series of crust- 
waves of different lengths and different amplitudes, more or less irregular and 
complex, it is true, but everywhere alternately rising and falling in symmetrical 
halves like the waves of the sea. 

Now this rolling wave-like earth-surface is formed of the outcropping edges of 
the rock formations which are the special objects of study of the stratigraphical 
geologist. If, therefore, the physiognomy of the face of our globe is any real index 
of the character of the personality of the earth-crust beneath, these collective 
geographical features should be precisely those which answer to the collective 
structural characters of the geological formations. 

In the earlier days of geology one of the first points recognised by our strati- 
graphists was the fact that the formations were successive lithologicai sheets, whose 
truncated outcropping edges formed the present surface of the land, and that these 
sheets lay inclined at an angle one over the other, or, as William Smith quaintly 
expressed it, like a tilted ‘pile of slices of bread-and-butter.’ But as discovery 
progressed, the explanation of this arrangement soon became evident. The forma- 
tions revealed themselves as a series of what had originally been deposited as hori- 
zontal sheets, lying in regular order one over the other, but which had been 
subsequently bent up into alternating arches and troughs (the anticlines and syn- 
clines of the geologist). Their visible parts, which now constitute the surface of 
our habitable lands, are simply those parts of the formations which are cut by the 
irregular plane of the present earth surface. All those parts of the great arches 
and troughs, formerly occurring above that plane, have been removed by denu- 
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dation; all those parts below that plane lie buried still, out of sight within the solid 
earth-crust. 

Although in every geological section of sufficient extent it was seen that the 
anticline or arch never occurred without the syncline or trough—in other words, 
that there was never a rise without a corresponding fall of the stratum—yet it is only 
of late years that the stratigraphical geologist has come clearly to recognise the 
fact that the anticline and syncline must be considered together, and must be united 
as a single crust-wave. For the arch is never present without its complementary 
trough, and the two together constitute the tectonic, structural, or orographic unit, 
namely, The Fold, the study of which, so brilliantly inaugurated by Heim in his 
‘ Mechanismus der Gebirgsbildung,’ is destined, I believe, in time, to give us the 
clue to the laws which rule in the local elevation and depression of the earth-crust, 
and to furnish us with the means of discovery of the occult causes that lie at 
the source of those superficial irregularities which give to the face of our globe its 
variety, its beauty, and its habitability. 

Like the form of the surface wave of the geographer, the form of this wave or 
fold of the geologist resembles that of the wave of the physicist. Now we may 
regard such a wave as formed of two parts, the arch-like part above, and the 
trough-like part below. The length of the wave is naturally the length of the 
axial line joining the outer extremities of the arch and trough, and passing through 
the centre, node, or point of origin, of the wave itself, which bisects the line of 
contrary curvature. The amplitude of the wave is the height of the arch added to 
the depth of the trough. The arch part of such a wave, if perfectly symmetrical, 
may clearly be regarded as belonging either to a wave travelling to the right, 
in which case the complementary trough is the one in that direction; or it may be 
regarded as belonging to a wave travelling to the left, in which case its trough must 
be the one in that direction. But as in the case of the shore wave, the advancing 
slope of the wave is always the steeper, and the real centre of the wave must lie 
half-way down this steeper slope, so also, in the case of the geological fold, 
there is no difficulty in recognising the centre or in fixing the real direction of 
movement. 

The fold of the geologist differs from the ordinary wave of the physicist, 
essentially in the fact that, even in its most elementary conception, as that of a 
plate bent by pressure applied from opposite sides, it necessarily includes the 
element of thickness. And this being the case, the rock sheet which is being folded 
and curved has different layers of its thickness affected differently. In the arch of 
the fold the upper layers of the rock sheet are extended, while its lower layers are 
compressed. On the contrary, in the trough of the fold the upper layers are com- 
pressed, and the lower layers are extended. But in arch and trough alike there 
exists a central layer, which, beyond taking up the common wave-like form, 
remains practically unaffected. 

But the geological fold has, in addition to length and thickness, the further 
element of breadth, and this fact greatly complicates the phenomena. 

Many of the movements which take place in a rock sheet which is being 
folded, or in other words those produced by the bending of a compound sheet com- 
posed of many leaves, can be fairly well studied ina very simple experiment. Take 
an ordinary large note-book, say an inch in thickness, with flexible covers. Rule 
carefully a series of parallel lines across the edges of the leaves at the top of the 
book, about 4 of an inch apart, and exactly at right angles to the plane of the 
cover. Then, holding the front edges loosely, press the book slowly from back and 
front into an S-like form until it can be pressed no further. As the wave grows, 
it will be noticed that the cross lines which have been drawn on the upper edge of 
the book remain fairly parallel throughout the whole of the folding process, except 
in the central third of the book, where they arrange themselves into a beautiful 
sheaf-like form, showing how much the leaves of the book have sheared or slidden 
over each other in this central portion. It will also be seen when the § js 
complete that the book has been forced into a third of its former breadth. It is 
clear that the wave which the book now forms must be regarded as made up of 
three sections: viz., a section forming the outside of the trough on the one side, a 
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section forming the outside of the arch on the other, and a central or common 
section, which may be regarded either as uniting or dividing the other two. 

As this experiment gives us a fair representation of what takes place in a 
geological fold, we see at a glance that the geologist is forced to divide his fold into 
three parts—an arch limb, a trough limb, and a middle limb—which latter we may 
call the copula or the septum, according as we regard it as connecting or dividing 
the other two. Our note-book experiment, again, shows us also that in the 
trough limb and the arch limb the leaves or layers undergo scarcely any change of 
relative position beyond taking on the growing curvature of the wave. But the 
layers in the central part, or septwm, undergo sliding and shearing. It will be 
found also, by gripping the unbound parts of the book firmly, and practising the 
folding in different ways, that this septwm is also a region of warping and twisting. 
This simple experiment should be practised again and again until these points are 
clear, and the various stages of the folding process become apparent, the surface of 
the book being forced first into a gentle arch-like rise with a corresponding trough- 
like fall ; then stage by stage the arch should be pushed over on to the trough until 
the surfaces of the two are in contact, and the book can be folded no further. 

In the structure of our modern mountain ranges we discover the most beautiful 
illustrations of the bending and folding of the rocky formations of the earth-crust. 
The early results of Rogers among the Alleghanies, of Lory and Favre in the 
Western Alps, have been greatly extended of late years by the discoveries of Heim 
and Baltzer in the Central Alps, of Bertrand in Provence, of Margerie in Languedoc. 
of Dutton and his colleagues in the westerv ranges of America, and of Peach and 
Horne and others in the older rocks of Britain. The light these researches throw 
upon the phenomena of mountain structure will be found admirably summarised 
and discussed in the works of Leconte, of Dana, of Daubrée, of Reade, of Heim, 
and finally in the magnificent work of Suess, the ‘ Antlitz der Erde,’ of which 
only the first two volumes have yet appeared. 

Looking first at the mountain fold in its simplest form as that of a bent rock- 
plate, composed of many layers which have been forced into two similar arc-like 
forms, the convexities of which are turned the one upwards and the other down- 
wards, we find in the present mountain ranges of the globe every kind represented. 
We commence with one in which the arch is represented merely by a gentle swell 
of the rock sheet, and the trough by an answering shallow depression, the two 
shading into each other in an area of contrary flexure. From this type we pass 
insensibly to others in which we see that the sides of the common limb or septum 
are practically perpendicular. From these we pass to folds in which the twisted 
common limb or septum overhangs the vertical, and so on to that final extreme 
where the arch limb has been pushed completely over on to the trough limb, and 
all three members, as in our note-book experiment, are practically welded into one 
conformable solid mass. 

In many cases, due partly to the action of transverse pressures, the septum 
becomes reduced to a plane of contrary motion or thrust-plane ; and the arch limb 
and trough limb slide over each other as two solid masses. But here we have no 
longer a fold, but a fault. 

Although the movements of these mountain folds are slow and insensible, and 
only effected in the course of ages, so that little or no evidence of the actual move- 
ment of any single one of them has been detected since they were first studied, yet 
it is perfectly plain that when we regard them collectively, we have here crust folds 
in every stage of their existence. Each example in itself represents some one 
single stage in the lifetime of a single fold. They are simply crust folds of 
different ages. Some are, as it were, just born; others are in their earliest youth. 
Some have just attained their majority, some are in the prime of life, and some are 
in the decrepit stages of old age. Finally, those in which all three members—arch 
limb, trough limb, and septum—are crushed together into a single mass are dead. 
Their life of individual movement is over. If the earth pressure increases the 
material which they have packed together may of course form a passive part of a 
later fold, but they themselves can move no more. 

We see that every mountain fold commences first as a gentle alternate eleva- 


a ae 


TRANSACTIONS OF SECTION C. 703. 


tion and depression of one or more of the component sheets of the geological for- 
mations which make up the earth-crust. This movement is due apparently to the- 
tangential thrusts set up by the creeping together, as it were, of those neighbouring 
and more resistant parts of the earth-crust which lie in front of and behind the 
moving wave. Yielding slowly to these lateral thrusts the crest of the fold rises 
higher and higher, the trough sinks lower and lower, the central common limb. 
grows more and more vertical, and becomes more and more strained, sheared, and 
twisted. As this middle limb yields, the rising arch part of the fold is forced gra- 
dually over on to the sinking trough, until at last all three members come into 
conformable contact, and further folding as such is impossible. Movement ceases; 
the fold is dead. We see also from our note-book experiment that the final result 
of the completion of the fold is clearly to strengthen up and consolidate that part 
of the crust plate to the local weakness of which it actually owed its origin and 
position. The fold has by its life-action theoretically trebled the thickness of that 
part of the earth-plate in which its dead remains now lie. If the lateral pressure 
goes on increasing, and the layers of the earth-crust again begin to fold in the same 
region, the inert remains of the first fold can only move as a passive part of a 
newer fold, either as a part of the new arch-limb, the new trough-limb, or the new 
septum. As each younger and younger fold formed in this way necessarily 
includes a more resistant, and therefore a thicker, broader, and deeper sheet of the 
earth-crust, we have here the phylogenetic evolution of a whole family of crust 
folds, each successive member of which is of a higher grade than its immediate 
predecessor. 

But it very rarely happens that the continuous plate in which any fold is 
imbedded is able to resist the crust-creep until the death of the first fold. Usually,. 
long before the first simple fold is completed, a new and a parallel one rises in 
front of it normally on the side of the trough limb; and the two grow, as it 
were, henceforward, side by side. But the younger fold, being due to a greater 
pressure than the older, must of necessity ke of a higher specific grade, and the 
two together form a generic fold in common. 

Our present mountain systems are all constituted of several families of folds, 
formed in this way, of different gradations of size, of different dates of origin, and of 
different stages of life evolution ; and in each family group the members are related 
to each other by this natural genetic affinity. 

Sometimes the new folds are formed in successive order only on one side of the first 
fold, and then we have our unilateral (or so-called unsymmetrical) mountain groups, 
like those of the Jura and the Bavarian Alps. Sometimes they are formed on both 
sides of the original fold, and then we have our bilateral (or so-called symmetrical) 
ranges, like the Central Alps. In both cases the septa of the aged or dead folds. 
are of necessity all directed inwards towards the primary fold. If, therefore, they 
originate only on one side of the fold, our mountain group looks unsymmetrical, 
with a very steep side opposed to a gently sloping side, If they grow on both 
sides of the original fold, we have the well-lnown ‘fan structure’ of mountain 
ranges. In this case the whole complex range is seen at a glance to be a vast 
compound arch of the upper layers of the earth-crust, keyed up by the material of 
the dead or dying folds, which, by the necessities of the case, constitute mighty 
wedges, whose apices are directed inwards towards the centres of the system. But 
a complete arch of this kind is in reality not a single fold, but a double one, with a 
septum on both sides of it, and it requires two troughs, one on each side of it, as 
its natural complement. The so-called unsymmetrical ranges, therefore, which are 
constituted merely of arch limb, trough limb, and septum, are locally the more 
natural and the more common, 

It is clear that in the lifetime of any single fold, its period of greatest effective 
energy and most rapid movement must be that of middle life. In early youth the 
lateral pressure is applied at a very small angle, and the tangential forces act there- 
fore under the most disadvantageous circumstances. In the middle life of the fold 
the arch limb and the trough limb stand at right angles to the septum, and the 
work of deformation is then accomplished under the most favourable mechanical 
conditions, and with the greatest rapidity. That is to say, the activity of the fold 


704 REPORT—1892. 


and the rate of movement of the septum, like the speed of the storm wind, vary 
directly as the gradient. 

In our note-book experiment we observed that little or no change took place 
in the arch limb and trough limb, while the septum became remarkably sheared 
and twisted. The same is the case in nature; but here we have to recollect that 
these moving mountain folds are of enormous size, indeed actual mountains in 
themselves. These great arches, scores of miles in length, thousands of feet in 
height and thickness, must of necessity be of enormous weight, capable of crushing 
to powder the hardest rocks over which they move, while the thrust which drives 
them forward is practically irresistible. It is plain, therefore, that, while the great 
arch limb and the trough limb of one of these mighty folds move over and under 
each other from opposite directions, they form in conjunction an enormous machine, 
composed of two mighty rollers or millstones, which mangle, roll, tear, squeeze, 
and twist the rocky material of the middle limb or septum that lies jammed in 
between them into a laminated mass. This deformed material, which is the 
characteristic product of the mountain-making forces, is, of course, made up of the 
stuff of the original middle limb of the fold; and whether we eall it breccia, 
mylonite, phyllite, or schist, although it may be composed of sedimentary stuff, 
it is certainly no longer a strati ified rock; and though it may have been or iginally 
purely igneous material, it is certainly no longer volcanic, It is now a manu- 
factured article made in the great earth mill. 

These mountain folds, however, are merely the types of folds and wrinkles of 
all dimensions which affect the rock formations of the earth-crust. Within the 
mountain chains themselves we can follow them fold within fold, first down to 
formations, then to strata, then to lamine, till they disappear at last in micro- 
scopic minuteness beyond the limits of ordinary vision. Leaving these, however, 
for the moment, let us travel rather in the opposite direction, for these mountain 
folds are by no means the largest known to the stratigraphical geologist. Look at 
any geological section crossing our type continent of North America, and it will be 
found that the whole of the Rocky Mountain range on its western side and the 
Alleghany ranges on the eastern are really two mighty compound geological anti- 
clines, while the central sag of the Mississippi Basin is a compound geological 
syncline made up of the whole pile of the geological formations. That is to say, 
the continent of North America is composed of a pair of geological folds, the two 
arches of which are represented by the Rockies on the one side and the Allezhanies 
on the other; while the intermediate Mississippi syncline is the common property of 
both. Here, then, we reach a much higher grade of fold than the orographic or 
mountain-making fold, viz., the plateau-making fold or the semi-continental fold, 
which, because of its enormous breadth, must include a very much thicker portion 
of the earth-crust than the or dinary orographic fold itself. 

But which must be the actual middle limbs of these two American folds, the 
septal areas where most work is being done and the motion is greatest ? 

Taught by what we have already. learnt of the mountain wave, the answer is 
immediate and certain. They must be the steeper sides of each of the two arches, 
namely, those which face the orean. How perfectly this agrees with the geological 
facts goes without saying. It is on the steep Pacific side of the western fold that 
the crushing and crumpling of its rocks is the greatest. It is on the Atlantic side 
of the eastern fold that the contortion and metamorphism of its rocks are at their 

maximum; while in the common and gently sloping trough of both folds, namely, 
in the intermediate Mississippi Valley, the entire geological sequence remains prac- 
tically unmodified throughout. 

Again, which of these two American folds should be the more active at the 
present day? Taught by our study of the mountain wave, the answer again is 
immediate and conclusive. It must be that fold whose septum has the steeper 
gradient. Geology and geography flash at once into combination. The steeper 
Pacific septum of the western fold, from Cape Horn aimost to Alaska, is ablaze with 
volcanoes, or creeping with earthquakes ; while the gently inclined Atlantic septum 
of the eastern fold, from Greenland to Magellan Straits, shows none, except on the 
outer edge of the Antilles, i in the very region where the slope of the septal surface 
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‘is the steepest. We see at a glance that the vigour of these two great continental 
folds, like those of our mountain waves, varies directly as the surface gradient of 
the septum. 

But the geographical surface of North America, considered as a whole, is in 
reality that of a double arch with a sag or common trough in the middle. We 
have seen already that this double arch must be regarded as the natural comple- 
ment of the equally double Atlantic trough. Here, then, if the path of analogy 
we have hitherto so triumphantly followed up to this point is still to guide us, 
the basin of the Atlantic must be, not only in appearance but in actuality, formed 
of two long minor folds of the same grade as the two that form the framework of 
America, but with their members arranged in reverse order. If so, their sub- 
marine septa ought also to be lines of movement and of volcanic action. And 
this is again the case. The volcanic islands of the Azores and St. Helena lie not 
exactly on the longitudinal crests of the mid-oceanic Challenger ridge, but upon 
its bounding flanks. 

We have not yet, however, finished with our simple folds. If we draw a 
line completely round the globe, crossing the Atlantic basin at its shallowest, 
between Cape Verde and Cape St. Roque, and continued in the direction of Japan, 
where the Pacific is at its deepest, as the trace of a great circle, we find that we 
have before us a crust fold of the very highest and grandest order. We have one 
mighty continental arch stretching from Japan to Chili, broken medially by the 
sag of the Atlantic trough; and we see that this great terrestrial arch stands 
directly opposed to its natural complement, the great trough of the Pacific, which 
is bent up in the middle by the mightiest of all the submarine buckles of the 
earth-crust, on which stand the oceanic islands of the central Pacific. 

But if this be true, then the septum of all septa on our present earth-crust 
must cross our grandest earth fold where the very steepest gradient occurs along 
this line, and it must constitute the centre-point of the moving earth fold, and of 
greatest present volcanic activity. And where is this most sudden of all de- 
pressions? Taught once more by our geological fold, the answer is instantaneous 
and incontrovertible. It is on the shores of Japan, the mightiest and most active 
of all the living and moving volcanic localities on the face of our globe. 

But the course of the line which we indicated as forming our grandest terres- 
trial fold returns upon itself. It is an endless fold, an endless band, the common 
possession of two sciences. It is geological in origin, geographical in effect. It 
is the wedding ring of geology and geography, uniting them at once and for ever 
in indissoluble union. 

Such an endless fold, again, must have an endless septum, which in the nature 
of things must cross it twice. Need I point out to the merest tyro in these wedded 
sciences that if we unite the Old and New Worlds, and Australia, with their inter- 
mediate sags of the Atlantic and the Indian Oceans, as one imperial earth-arch, and 
regard the unbroken watery expanse of the Pacific as its complementary depression, 
the circular coastal band of contrary surface-flexure which lies between them 
should constitute the moving master septum of the present earth-crust? This 
is the ‘ Volcanic Girdle of the Pacific,’ our ‘Terrestrial Ring of Fire.’ 

Or, finally, if we rather regard the compact arch of the Old World itself as the 
natural complement of the broken Indo-Pacific depression, then the most active 
and continuous septal band of the present day should divide them. Again, our 
law asserts itself triumphantly. It is the great volcanic and earthquake band on 
which are strung the Festoon Islands of Western Asia—the band of Mt. St. Elias, 
the Aleutians, Kamtchatka, and the Kuriles—the band of Fusijama, Krakatoa, 
and Sangir. The rate of movement of the earth’s surface doubtless everywhere 
varies directly as the gradient. 

We find, therefore, that eyen if we restrict our observations to the most simple 
and elementary conception of the rock fold, as being made up of arch-limb, trough- 
limb, and twisting but still continuous septum, we are able to connect in one un- 
broken chain the minutest wrinkle of the finest lamina of a geological formation 
with the grandest geographical phenomena on the face of our globe. 

We find, precisely as we had anticipated, that the wave-like surface of the earth of 
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the present day reflects, in its entirety, the wave-like arrangement of the geological 
formations below. On the lands we find that the surface arches and troughs 
answer precisely to the grander regional anticlines and synclines of the subterra- 
nean sedimentary sequence; and it may, I believe, be regarded as certain that the 
submarine undulations have a similar or complementary relationship. We find in 
the New Geology, as Hutton found in the Old, that geography and geology are one. 
We discover, as we had suspected, that the physiognomy of the face of our globe 
is an unerring index of the solid personality beneath. It bears in its lineaments 
the peculiar family features and the common traits of its long line of geological 
ancestors. 

Such, it seems to me, is an imperfect account of the introductory paragraphs of 
that great chapter in the New Geology which is now in course of interpretation 
by geologists of the present day, and we have translated them exactly in the old 
way by the aid of the only living geological language, namely, the language of 
present natural phenomena; and I doubt not that sooner or later the rest of the 
great chapter will be read by the same simple means. 

I have strictly confined myself to-day to the discussion of the characteristics of 
the simple geological fold as reduced to its most elementary terms of arch, trough, 
and unbroken septum ; for this being clearly understood, the rest naturally follows. 
But this twisted plate is really the key which opens the entire treasure-house ot 
the New Geology, in which lie spread around, in bewildering confusion, facts, pro- 
blems, and conclusions, enough to keep going the young stratigraphists and other 
scientists busily at work for many a long year to come. 

Into this treasure-house I often wander myself, in the few leisure hours that 
T can steal from a very busy professional life; and out of it I bring now and 
again heresies that sometimes amuse and sometimes horrify my geological friends. 
As you have so patiently listened to what I have already said, perhaps you will 
permit me in a few final sentences to indicate in brief some of those novelties 
which I see already more or less clearly, and a few of those less novel points on 
which it appears to me that more light is wanted. My excuse is twofold—first, 
to furnish material for work and controversy to the young geologists ; and, second, 
to obtain aid for myself from workers in other walks of science. 

The account of the simple rock-fold which I have already given you is of the 
most elementary kind. It presupposes merely the yielding to tangential pressure 
from front and back, combined with effectual resistance to sliding. But in the 
layers of the earth-crust there is always, in addition, a set of tangential pressures 
theoretically at right angles to this. The simple fold becomes a folded fold, and 
the compound septum twists not only vertically but laterally. On the surface of 
the globe this double set of longitudinal and transverse waves is everywhere 
apparent. They account for the detailed disposition of our lands and our waters, 
for our present coastal forms, for the direction, length, and disposition of our 
mountain-ranges, our seas, our plains, and lakes. The compound arch becomes a 
dome, its complementary trough becomes a basin. The elevations and depressions, 
major and minor, are usually twinned, like the twins of the mineralogist, the 
complementary parts being often inverted, and turned through 180° (compare 
Italy with the Po-Adriatic depression). Every upward swirl and eddy has its 
answering downward swirl. The whole surface of our globe is thus broken up 
into fairly continuous and paired masses, divided from each other by moving 
areas and lines of mountain making and crust movement, so that the surface of 
the earth of the present day seems to stand midway in its structure and appear- 
ance between that of the sun and that of the moon, its eddies wanting the 
mobility of those of the one and the symmetry of those of the other. In the 
geology of the earth-crust, also, the inter-crossing of the two sets of folds, 
theoretically at right angles to each other, gives rise to effects equally startling. 
It lies at the origin of the thrust-plane or overfault, where the septal region of 
contrary motion in the fold becomes reduced to, or is represented by, a plane of 
contrary motion. It allows us to connect together under one set of homologies 
folds and faults. The downthrow side of the fault answers to the trough, the 
upthrow side to the arch, of our longitudinal fold; while the fault-plane itself 
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represents the septal area reduced to zero. The node of the fault and the 
alternation and alteration of throw are due to the effects of the transverse 
folding. 

These transverse folds of different grades, which affect the various layers of 
the earth-crust differentially, account also for the formation of laccolites, of 
granitic cores, and of petrological provinces; and they enable us also to understand 
many of the more striking phenomena of metamorphism. 

Of the folds of the third order I shall here say nothing; but I must frankly 
admit that the primal cause of all this tangential movement and folding stress is 
still as mysterious to me as ever. I incline to think that it is due to many 
causes—to tidal action, sedimentation, and many others. I cannot deny, however, 
that it may be mainly the result of the contraction in diameter of our earth, due 
to the loss of its original heat into outer space. For everywhere we find evidences 
of symmetrical crushing of the earth-crust by tangential stresses. Hverywhere we 
find proofs that the various layers of that crust have been affected differentially, 
and the outer layers have been bent the most. We seem to be dealing not so 
much with a solid globe as with a globular shell composed of many layers. 

Is it not just possible, after all, that, as others have suggested, our earth is 
such a hollow shell, or series of concentric shells, on the surface of which gravity 
is at a maximum, and in whose interior it is practically non-existent? May this 
not be so, also, in the case of the sun, through whose spot-eddies we possibly look 
into a hollow interior? If so, perhaps our present nebulz may also be hollow 
shells formed of meteorites, on the surfaces of which shells the fiery spirals we see 
would be the swirls which answer to the many twisting crustal septa of the earth. 
Our comets, too, in this case might be elongated ellipsoids, whose visible parts 
would be merely interference phenomena, or sheets of differential movement. 

In this case we have represented before us to-day the past of our earth as well 
as its present. Uniformity and Evolution are one. 

Thus from the microscopic septa of the laminz of the geological formations we 
pass outwards im fact to these moving septa of our globe, marked on the land by 
our new mountain-chains, and on the shores by our active volcanoes. Thence we 
sweep, in imagination, to the fiery eddies of the sun, and thence to the glowing 
swirls of the nebule ; and so outwards and upwards to that most glorious septum 
of all the visible creation, the radiant ring of the Milky Way. 

Professor George Darwin, in his Address to the Section of Mathematical and 
Physical Science at the meeting of the British Association at Birmingham in 1886, 
with all the courage of genius, and the authority of one of the sons of the prophets, 
acknowledged that it seems as likely that ‘meteorology and geology will pass the 
word of command to cosmical physics as the converse.’ Behind this generous 
admission I shelter myself. But I feel absolutely confident that, long after the 
physicists may have swept away these astronomical suggestions as ‘the baseless 
fabric of a vision,’ there will still remain in the treasure-house of the geological 
fold a wealth of abundant material for the use of the mathematician, the physicist, 

the chemist, the mineralogist, and the astronomer of the deepest interest and of 
the highest value. 


THURSDAY, AUGUST 4. 
The following Reports and Papers were read :— 


1. Report on Photographs of Geological Interest.—See Reports, p. 290. 


2. On the Glacial Distribution of the Riebeckite-Eurite of Ailsa Craig. 
By Josrrn Lomas, Assoc. Roy. Coll. Science. 


The rock is a granophyre or eurite, and contains the rare blue variety of soda- 
hornblende, riebeckite. It has been found as a boulder in glacial deposits by Mr. 
P. F. Kendall, F.G.S., and the author in the Isle of Man and at Moel-y-Tryfaen ; 
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by the author in Anglesey; at Liverpool, Garston, and Hale Head in Lancashire, 
and at Dawlpool and Birkenhead in Cheshire. The Rey. Mr. Barker, 8.J., has 
recorded it from the Vale of Clwyd. 

It is always accompanied by South Scottish granites, and where these pre- 
dominate, as in the Isle of Man, it is common. About Liverpool the Scotch rocks 
are about in the same proportion as those of Lake District origin, and further east 
the Scotch cease altogether. 

Floating ice could not have transported the Ailsa Craig and other northern 
rocks, as there is not a free intermingling of types. There is also a vertical uplift 
of over 200 feet from Ailsa Craig (1,140 feet) to Moel-y-Tryfaen (1,350 feet). The 
ridge of which Moel-y-Tryfaen forms a part acted as a barrier, and destroyed the 
force of the Snowdonian ice northwards, and thus the northern ice got the mastery 
and pushed the northern erratics up to the summit of Moel-y-Tryfaen. 


3. Report of the Committee on Erratic Blocks.—See Reports, p. 267. 


4, The Cause of the Ice Age. 
By J. W. Gray, F.G.S., and Percy F. Kennan, F.G.S. 


Two hypotheses at present engage the attention of glacialists, viz., a, that 
propounded by Croll, which ascribes the glacial cold to the combined effects of a 
high degree of eccentricity of the earth’s orbit and the precession of the equinoxes, 
with, as secondary causes, changes in the winds and marine currents; and 4, the 
explanation presented in detail by Mr. Warren Upham, which is based upon great 
earth-movements which might lift wide areas above the snow-line. 

Neither of these appears to satisfy the known geological conditions, which may 
be defined as follows: (1) The Glacial period was a unique episode, no evidence 
being adducible of any previous Glacial period, but only of glacial conditions in 
the neighbourhood of mountains. (2) The cold conditions came on with extreme 
slowness, the refrigeration being progressive from the Eocene period to the climax. 
(8) The Glacial period was of long duration, judging by the great dimensions of 
the glaciers and the amount of work done by them. (4) The return to temperate 
conditions was very rapid. (5) The final disappearance of the ice was a very 
recent event; the condition of the drift accumulations and direct measurements 
such as those of the recession of waterfalls point to a maximum of 10,000 years. 

Croll’s hypothesis, in the opinion of the authors, is in opposition to Nos. 1, 2, 

4, and 5. 

Upham’s explanation has much to commend it. Submerged valleys of com- 
paratively recent date exist upon many coasts, e.g., one which deeply indents the 
1,000-fathom line at the mouth of the Congo; but the rate of filling up of these 
gulfs is not known, and they are not necessarily even approximately contem- 
poraneous. 

Arguments against this explanation may also be drawn from Nos. 1, 2, 4, 
and 5, Any explanation must apply to Britain, but the indications of cold con- 
ditions in Pliocene times, when the sea reached British shores in East Anglia, 
Cornwall, and Aberdeen, are inexplicable on this hypothesis. Furthermore, the 
sea-level was not appreciably lower in Caithness, Aberdeen, the Firth of Clyde, — 
and the Irish Sea at a time when glacial conditions of great severity had set in ; 
and in Yorkshire, when the Scandinavian glacier approached the coast, the land 
stood at the same level as at present. 

The authors formulate no hypothesis, but they consider that the causes are to be 
sought outside the earth ; and, having regard to the uniqueness of the Glacial period, 
its recency and its very gradual oncoming, they think it may be connected with a 
secular cooling of the sun, The great development of sun-spots must affect the 
radiating power of the sun, and the sudden blazing out of nove shows that causes 
are in operation which are adequate to produce a temporary rejuvenescence of suns, 

The authors ask the aid of astronomers and physicists in the solution of one 
of the unsolved problems of geology. 
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5. The Devon and Cornish Granites. By W. A, EK. Ussuer. 


From the relations of the stratified rocks to the granites of Devon and Cornwall 
there is no obtainable evideuce as to the upheaval of the latter. 

From evidences of great mechanical disturbance (such as deflections of strike 
and constrictions of outcrop), and of metamorphism in areas bordering the granites, 
and from the shapes, relative positions, and internal structure of the granite 
masses ; from the distribution of the Elvans, and from evidences of the production 
of cleavage in the area prior to the contact metamorphism of the cleaved rocks, 
it appears that the sites of the Devon and Cornish granite masses were occupied 
by the granites or pre-existent and subterraneously connected rocks of pre-Devonian 
age, which had, in a rigid state, exercised an obstructive influence on the north 
and south movements, and had thereby produced great mechanical effects on the 
surrounding strata prior to the alteration of the latter. 

The contact alteration of the stratified rocks seems to be coeval with the 
metamorphism of these ancient masses, and the consequent genesis of the granites 
in their present form during the later stages, or at the close of the Carboniferous 
epoch. The intrusion of granitoid rocks perhaps accompanied, certainly succeeded, 
the solidification of the granites, and continued at intervals down to the Permian 
quartz porphyries. These rocks, called Elvan dykes, approximate, with some few 
exceptions (notably the north and south Elvan of Watergate Bay), to the general 
strike produced by the north and south movements, and in some cases, as near 
Camelford, to the main strike deflections produced by the resistance of granite 
masses to these movements, but in proceeding from granite to killas they ignore 
the slight uptilt of the latter on the margin of the granites. 

The evidences in favour of the subterranean connection of the Devon and 
Cornish granites are too strong to be ignored, and this connection annihilates the 
application of the laccolitic hypothesis advanced by me to account for the relations 
of the Dartmoor granite, and at the same time contradicts the suggestion of the 
upheaval of the granites in or through their surroundings. 


6. Malvern Crystallines. By A. Irvine, D.Sc., F.G.S8. 


The author, after ten weeks’ field-work upon the Malvern crystallines, has 
been led, as the result of his observations, to attach a high value to the theoretical 
speculations of Professor John Phillips, made many years ago, as to the genesis of 
the rocks for the most part by mineral differentiation from ‘one unerupted 
magma’; but he goes further than Phillips did, and agrees with Dr, Callaway 
that the whole series (with one doubtful exception) is of ‘igneous’ origin, though 
unable to follow that author in recognising a sequence between the diorites and 
the granites. Reasons for this difference of view are given in the paper. 

The really intrusive rocks are either (1) felsitic dykes (in places a quartz- 
porphyry), (2); dykes of basic rock, in many cases some variety of dolerite, though 
in some perhaps a fine-grained diorite, evidence of their intrusive relation to the 
granite-diorite series being given in the paper. 

The structural phenomena presented by the rocks of this crystalline chain the 
author classes as (i) Dvorite-gneiss, the primary structure being in some cases 
rendered somewhat schistose by shearing prior to final consolidation ; (ii) Gnetssose 
( flaserig) structure; (iii) Phyllolithic structures, approaching in various degrees to 
true schists, including hornblende-schists (due to local excessive deformation of the 
diorite by accentuation of pressure against the more rigid felspathic masses), 
Jissile ae ahi rocks (on the cleavage-planes of which secondary mica appears to 
have been developed at the expense of the felspar), and sertcite-schists which be- 
long probably to a later stage of development, and resemble rather the younger 
(Casanna) schists of the Alps; (iv) Shear-planes, in which dynamic action appears 
to have resulted solely in the degradation of the original minerals after pulverisa- 
tion unaccompanied by any resultant reconstruction of higher silicates; (v) Crush- 
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planes, in which either (a) breccias, or (0) mere fine chloritic débris, rendered 
crudely fissile in the presence of water by pressure, have resulted from large and 
small dislocations, to which the mountain-mass has been subjected at various 
periods of its history. 

The author’s general conclusions are :— 

1. That the prevalent petrological morphology of the Malvern crystallines is 
diagenetic, rather than due to subsequent metamorphism. 

2. That the geotectonic features, due to the action of purely mechanical forces, 
are mainly of a metataave nature, and that such forces have been very limited in 
their action in altering the atomic relationships of the chemical constituents of 
the rocks. 

3. That the most important problem the Malvern crystallines still present to 
the investigator is the determination of the limits of action of dynamic forces, and 
of original segregative action by atomic movement (supplemented by the differen- 
tial action of gravity upon minerals of different density in the primordial magma, 
aided perhaps by forces of a tidal nature upon the magma as a whole) in bringing 
about the structural phenomena presented by the Malvern crystallines. 

4, These phenomena seem to lend no support to the doctrine of ‘ regional meta- 
morphism,’ as usually understood, for they seem to admit of easier explanation as 
the results of deformation of originally crystalline masses, rather than of recon- 
struction out of elastic materials, 


7. The Igneous Rocks of the Neighbourhood of Builth. 
By Henry Woops, B.A., F.G.S. 


An account of the geology of the Builth district was given by Murchison in the 
‘Silurian System’ (1839), since which date scarcely anything has been written on it. 
A series of igneous rocks associated with beds of Ordovician age stretches from 
near the town of Builth to beyond Llandrindod. In this paper the author con- — 
fined himself to the southern half of this area, giving a preliminary description of 
the distribution and characters of the rocks met with, namely, diabase, rhyolite, 
porphyrite, andesite, and ashes. 


: 
8. Note on a Green Sand in the Lower Greensand, and on a Green Sandstone — 
in Bedfordshire. By A. C. G. Cameron, Geological Survey of England — 
and Wales. : 


The beds in the section at the ‘Parish Sandpit’ at Aspley Guise are given 
below, in descending order. ; 


Higgs 
1. Yellow and grey sand with strings of yellow fullers’ earth. 20 0 
2. Lenticular seam yellow fullers’ earth . ; 2 6ft.to 3 0 
3. Yellow and grey sand, in parts false-bedded ; 3 5 a 
4. Yellow fullers’ earth, dovetailed amongst green sand. Zu 
5. Yellow ocbre : : : : : : 3 ‘ oe PHO) Fonds 
6. Bright green sand, ‘ hearted’ darker green . 2 6 
7. Coarse, buff-coloured irony sand . ras 

Oxford clay 
54 4 


The bright green sand (No. 6), with a darker middle portion, consists of irre- 
gular-shaped grains of quartz, stained green; besides which, there are brown 
grains, the precise nature of which remains for the present undetermined. With 
the hammer this sand gives a brown streak, the brown grains, which are compara- 
tively soft, being the cause of it. The absence of glauconite is a distinct feature 
in this sand, that being the usual colouring matter of cretaceous green sands. A 
darker tint of green pervades the middle portion of the bed, giving it the appear- 
ance of being ‘ hearted,’ as the expression goes. Rather over a mile from this” 
place, Mr. Whitaker observed in the tower of Husborne Crawley Church a quan- 
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tity of green sandstone of a bright colour, and sometimes of a glassy texture, which 
has been recognised as like some that occurs in the Lower Greensand of Ightham, 
Kent. It is a serviceable-looking stone, and the brightness of its colour adds 
beauty to the brown sandstone, ot which the edifice is mainly built. The stone 
seems to be a counterpart of the green sand in the Aspley Section, and similarly 
eolour-hearted. Professor Bonney, on receiving specimens of the Husborne 
Crawley rock, but speaking from sight only, doubts, however, whether it is the 
same as the green sand at Aspley. It may be mentioned that pieces of the same 
rock have been dug up in the roadway half a mile from the church, and a larger 
boulder-like piece lies by the roadside, on the outskirts of the village green. Ad- 
joining the churchyard is a very old-looking excavation that suggests the spot at 
which this stone may have been got. Seeing the difficulty of transporting stones 
in olden times, it is extremely unlikely that the stone came from a distance. 
Possibly, therefore, there may be some local equivalent of the Lower Greensand of 
Kent in the Bedfordshire Greensand, which, if not entirely dug away in supplying 
the stone for Crawley Church, may yet again be brought to light. 


9. The Fullers’ Earth Mining Company at Woburn Sands. 
By A. C. G. Cameron, Geological Survey of England and Wales. 


Since reporting to the British -Association in 1884 and 1891 on the progress 
made in working this mineral, the demand for it has gone on steadily increasing, 
and mining on systematic principles has been established in Bedfordshire for the 
first time. The mines now show an extensive industry, with underground galleries 
that extend many hundreds of feet. The layers of earth as they come to be 
worked are not found disposed quite even, but raised into slight inequalities, ridge- 
and-furrow-like. Although all one sort of earth, the layers alternate in colour 
downwards, from yellow, through blue, to yellow again; a difference in colour 
which Mr. Player, who has analysed the Woburn earth, does not consider is ex- 
plained by difference in composition. 

It has long since been suggested that the name ‘ Woburn Sands’ should beapplied 
to the lower portion of the Lower Greensand of the Midlands, and the name may 
well be retained for Bedfordshire and Bucks. It is at Woburn Sands, in these 
counties, that the greatest expanse and greatest thickness of Midland Counties 
Greensand occurs, and where it contains also those valuable deposits of fullers’ earth, 


10. Report of the Committee on the Circulation of Underground Waters. 
See Reports, p. 264. 


FRIDAY, AUGUST 5. 
The following Papers were read :— 


1. On a Widespread Radiolarian Chert of Arenig Age from the Southern 
Uplands of Scotland. By B. N. Psacu, A.R.S.M, F.RS., F.G.S., 
of the Geological Survey of Scotland. 


[Communicated by permission of the Director-General. ] 


The Silurian rocks of the South of Scotland are chiefly made up of greywackes 
and shales. The Moffat shale group, which lies at their base, consists of finer 
sediments. Beneath these latter there is a widespread deposit of chert, which is 
chiefly made up of the remains of radiolarians. ‘This chert zone, where typically 
developed, is about 100 feet thick, and is divisible into— 

-An upper sub-zone of dark Lydian-stones and massive grey chert. 


712 REPORT—1892. 


A middle sub-zone of green chert. 

A lower sub-zone of red and chocolate-coloured chert and jasper. 

The chert beds or nodules are separated from each other by the finest sediment,. 
and towards the bottom of the zone by tuff and agglomerate, the latter con- 
taining angular fragments of radiolarian chert. The zone reposes on a platform of 
basic lavas and agglomerates. It is seen on the crests of anticlines over an area of 
from 2,000 to 3,000 square miles of the northern half of the uplands, and, in all 
probability, has a much greater extension though hidden under newer sediments. 

From the chert Dr. Hinde has described in the ‘ Ann. Mag. Nat. Hist.’ for July, 
1890, twenty-three species of radiolaria. 

This deposit is regarded by the author as a true radiolarian ooze. When traced 
from south to north the upper zones become in turn replaced by sediment, thus 
behaving in the same manner as the Moffat black shales, and indicating that the 
land whence these sediments proceeded lay to the north of what are now the 
Southern Uplands. 


2. On the Contact Metamorphism of the Radiolarian Chert in the Lower 
Silurian Rocks along the Margin of the Loch Doon Granite. By J. 
Hore, F.G.S8., of H.M. Geological Survey of Scotland. 


[Communicated by permission of the Director-General. ] 


While tracing the representatives of the Moffat series in the neighbourhood of 
Loch Doon, during the present summer, certain remarkable features were noted 
by me in the radiolarian chert when followed along the outcrop to the point of 
junction with the granite. About two miles from the igneous mass the chert pre- 
sents features similar to those in the unaltered areas between Abington and Lead- 
burn. About a mile from the junction the chert becomes slightly granulitic, and 
the radiolaria are not so discernible with the pocket lens; while the graptolites in 
the adjoining black shales are quite fresh and determinable. About half a mile 
from the margin of the granite the chert has been completely granulitised, and yet 
the radiolaria are still traceable in the matrix. At this stage there is a slight 
development of mica. Close to the granite the chert has undergone a complete 
transformation ; the rock has been recrystallised, consisting of large quartz grains 
with irregular edges, remarkable for the number of inclusions. Biotite is largely 
developed as rounded inclusions in the quartz granules, 


3. On the ‘Grampian Series’ (Pre-Cambrian Rocks) of the Central 
Highlands. By Henry Hicks, M.D., F.R.S., Sec. of the Geol. Soe. 


In his address to the Geologists’ Association in the year 1883 (‘ Proceedings 


of the Geologists’ Association, vol. viii. p. 270) the author gave the name of 


‘Grampian series’ to a group of rocks which occupy an extensive area in the 
Central Highlands. He described them briefly as ‘ tender gneisses, bright siliceous 
schists, chiastolite schists, quartzites and limestones,’ also some ‘chloritie schists.’ 
He classed them as of pre-Cambrian age, and all the evidence since obtained 
tends to confirm this view. It is quite possible, of course, that newer rocks may 
be in places entangled amongst them, but the majority of those which he claimed 
as being of pre-Cambrian age are now generally admitted to be older than any of 
the Paleozoic rocks of that area, The further descriptions of these rocks now 
given have been prepared with the kind assistance of Professor T. G. Bonney, D.Sc., 
F.R.S., to whom the autbor some time since submitted specimens, collected at 
various points in the year 1880. 

From Near Ballachulish, §c. A finely banded, fine-grained micaceous schist, 
containing apparently a considerable amount of felspathic matter. 

From Glen Spean, Sc. Fine-grained gneisses, not rich in quartz, but with a 
considerable amount of black mica, not markedly foliated except as the result of 
subsequent pressure. All are characterised by a peculiar speckled aspect, the 
spots being about the size of pins’ heads. The felspar varies from a warm to a 
reddish grey. 
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From Tyndrum, §c. A somewhat varying series of schists, but with a 


common facies. Some have but little mica, consisting mainly of quartz and 


felspar, and pale grey or reddish in colour; others are very micaceous schists of a 
lead colour, with sheen surfaces and indications of mineral banding. There are 
also very quartzose gneisses of a white or pinkish white colour. 

Crianlarich and Killin, §c. Calc mica-schists, with sheen surfaces due to sub- 
sequent pressure, but showing mineral banding; also fine-grained gneisses like 
some of those near Tyndrum. . But as they have a very marked cleavage foliation 
they may originally have been somewhat coarser grained. A garnetiferous mica- 
schist from several places. 

Blair Athol, Sc. Dark mica schists, with rather a carbonaceous aspect and a 
very marked cleavage foliation. Some show on close examination along the edges 
a speckled aspect, recalling some of the gneisses mentioned above. There is also 
a fairly coarsely crystalline limestone, with specks and streaks of green serpentinous 
material and some scattered pyrite; also a cale mica-schist modified by pressure: 
and some quartzose schists. 

To the south of this line, as mentioned by the author in another paper (‘ Pro- 
ceedings of the Geologists’ Association, vol. vii. p. 84), ‘schistose and slaty chlor- 
itic rocks become more abundant in association with micaceous rocks,’ and 
“everywhere strongly recall to mind the pre-Cambrian rocks of Wales, especially 
those in Anglesea and in the Lleyn Promontory.’ 


4. On the Still-possible Cambrian Age of the Torridon Sandstone. 
By J. F. Buaxs, M.A., F.G.S. 


The Torridon Sandstone had been last year removed from the Cambrian on 
account of the discovery of a species of Olenellus in the unconformably overlying 
series. There is, however, an @ priori improbability in the rock being pre- 
Cambrian—amongst which in this country no red grits and conglomerates are 
lknown—while this is everywhere the character of the Lower Cambrian, except in 
particular isolated spots whose peculiarities are due to special conditions, and not 
to the epoch of the deposits. The main points, however, are that the fauna of the 
Durness Limestone had been examined by C. D. Walcott, of the United States. 
Geological Survey, and recognised by him as Ordovician, and not Cambrian, by 
comparison with the American series, and that the species of Olenellus discovered 
in these fucoid beds in Durness was not of the same section of the genus as those 
which had been definitely found in position below the Olenus and Paradoxides 
beds, and might even be separated as a distinct genus. The supposed pre- 
Cambrian age of the Torridon Sandstone depended therefore only on the supposed 
limited range of a genus of several sections, which limited range had never been 
proved. 


5. On the Alleged Proofs of Submergence in Scotland during the Glacial 
Epoch. By Ducatp Bett, F.G.S. 


I. Chapelhall, near Airdrie. 


The maximum degree of submergence in Britain during Glacial times has been 
the subject of much discussion among geologists. The view held till recently— 
that it may have been 1,500 feet or more—is now generally abandoned. Minor 
yet considerable degrees of submergence are still usually admitted—up to 500 or 
600 feet—one of the supposed proofs of which is the shelly clay that was found at 
Chapelhall. 

Regarding this deposit little is really known. It was first recorded by Mr. 
Smith, of Jordanhill, in 1850, from information supplied to him by Mr. Russell, 
an operative miner, who came upon it at 510 feet above the sea in digging a 
well. Some shells, curiously enough all of one species, Teldina calcarea (proxima), 
had been taken from it, and the clay has not been seen since. Sir A. Geikie, Dr. 
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Crosskey, and others have made further inquiries, but have obtained very little 


additional information. The well was built up, and in other wells sunk in the 
immediate neighbourhood the clay had not been found. At most, it seems to have 
been a limited strip or patch. 

Its very limited extent, the absence of marine organisms in the overlying 
boulder-clay, and the highly arctic character of the only species of shell known 
with any certainty to have been found in it appear strong objections to its being 
considered a true marine bed. On the other hand, there are probabilities, from its 
position, &c., of its having been transported by land ice. It is submitted that 
further attempts to find the clay again, and re-examine it, are very desirable. 


II. Clava and other Northern Localities. 


The shelly clay found at Clava, near Inverness, 500 feet above the sea, and 
described by Mr. James Fraser, C.E. (‘ Trans. Edin. Geol. Society,’ vol. iv.), is 
thought by some to be a clearer proof of submergence than that which was found 
at Chapelhall. The shelly sands and gravels, which occur at lower levels in 
Aberbeenshire, &c., are usually referred to along with it. It occurs under some 
45 feet of boulder-clay and 20 feet of stratified sand. Was it laid down by the 
sea where now found? It seems to be of very limited extent, and the overlying 
sand and boulder-clay furnish no proof of marine origin, as they contain no organic 
remains. Thus the difficulties presented by Chapelhall occur here also. On the 
other hand, it seems equally probable, as in the case of Chapelhall, that the 
deposit owes its present position to transport by land ice. 

The district is one of intense glaciation, and all around it there is evidence of 
this particular effect, viz., the transport inland of materials from the sea by land 
ice, e.g., Caithness, along the eastern coast of Aberdeenshire, and near Elgin. In 
the neighbourhood of Clava there is every proof that the ice issuing from the 
Great Glen curved gradually round to the eastward, assuming at length, pear 
Forres, an almost due west to east direction. The cause of this was doubtless the 
ice-blocked condition of the Moray Firth from the numerous great ice-streams 
pressing into it from the west. There is every likelihood, or rather certainty, that 
the ice would pass over part of the sea-bed before reaching Clava, and in that case 
it may have transported shells or shelly clay along with it, as in many other 
instances. Here, also, to settle the point further examination is desirable. 


6. On some Calcareous Tufas in Norway. 
By Professor Axet Bryrt, of Christiania. 


In the valley of the Gudbrandsdal, in the central part of Norway (lat. 61° 50’ 
to 62°), there are found some calcareous tufas which will now be described. 

In the upper part of this valley, not far from the Dovyrefjeld, at the farm of 
Leine, in the district Nordre Froen, 500 metres above the sea-level, the following 
series of strata was found in descending order :— 


7. Vegetable earth, 0:10-0:15 m, 

6. Greyish-white hard tufa with Pinus silvestris, 0°58-0'68 m. 

5. Greenish-grey clay without fossils, 0°04 m. 

4, Yellowish-grey, partly sandy tufa with Pinus silvestris, Dryas octopetala, 
&e., 0-03 m. 

3 


. Yellowish-grey, hard, and slaty tufa with Betula odorata, &c. (but — 


neither Penus nor Dryas), 0°45 m. 
2. Ferruginous clay without fossils, 0:03 m. 
1. Boulder clay (glacial). 


At the present time the springs which deposited the tufa have almost disap- 
peared, and the tufa deposition has ceased. At the time when the tufas were 
formed the rainfall must haye been much more considerable than it is now, and 
the springs much more numerous, for at the uppermost spring, which now is 


—— ee ee 
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scarcely more than a third of a metre broad, the tufa was found to extend for a 
breadth of not less than thirty metres. 

As shown by the section given above, we find below the vegetable mould a 
thick stratum of hard tufa, which we will name the fir tufa, and which is all 
through its thickness quite full of leaves, cones, bark, &c., of the Scotch fir (Pinus 
silvestris). In this bed we also find (but more sparsely) the leaves of Betula 
verrucosa and B. odorata, Populus tremula, Salix caprea, Vaccinium vitis idea, 
Mnium punctatum, Hypnum falcatum, &c. The common spruce (Picea Abies) 
see now plentifully through all the valley, but is quite wanting in the tufas, 

rom which we may conclude that the formation of tufa had ceased before the 
immigration of the spruce into the Gudbrandsdal. 

Below the fir tufa there comes first a clay (5) and then the stratum (4). Both 
these strata are of inconsiderable thickness. The stratum (4) is a_ crumbling, 
calcareous sandy clay, in which are found small lumps of hard tufa. In these we 
find still some pine leaves, but besides them, in great numbers, the beautiful leaves 
of Dryas octopetala, and (more sparsely) some other arctic plants, as Sal reticulata 
and 8. arbuscula. I found also in this stratum leaves of what appears to be 
Cotoneaster vulgaris, besides some other plants. In the lower beds (5-1) neither 
Pinus, Dryas, Salix reticulata, nor S. arbuscula is found. We learn from this 
that Dryas and the other arctic plants named flourished at the place when Pinus 
silvestris first immigrated. 

The bed (8) is hard and of considerable thickness. Its flora is quite different 
from that of the strata already described. I name this bed the birch tufa. It has 
no trace of Pinus, but is quite full of the leaves of different foliferous trees and 
shrubs, as birch (only the mountain birch, Betula odorata), Populus tremula, Salix 
caprea, S. glauca, Ribes rubrum, &c. Betula and Populus occur to the bottom, 
where also Hypnwn falcatum and Equisetum variegatum are found. There is no 
arctic flora at the bottom. The clay (2), which rests on the bottom moraine of 
the old glacier, has no fossils. 

In this manner we find at Leine mainly two different beds of tufa. The oldest 
of the two is the birch tufa, the youngest the fir tufa. Between them there is 
intercalated a clay and a thin layer of tufa with Pinus, Cotoneaster, Dryas, and 
other arctic plants. 

At the other and southern end of the long valley of Gudbrandsdal, not far 
from where the river falls into the lake Mjésen, there is another deposit of tufa. 
This deposit occurs at the farm Nedre Dal, in the district of Faaberg, 225 metres 
above the sea-level. We find here the same two stages as at Leine, viz., birch 
tufa and fir tufa, but the intermediate Dryas tufa is wanting. In the two beds, 
which here also occur as separate blocks, we find mainly the same fossils as at 
Leine. In the birch tufa at Nedre Dal occur Betula (only B. odorata), Populus 
tremula, Prunus Padus, Salix caprea, S. nigricans, Myrtillus uliginosa, Equisetum 
hiemale, &c., and in the fir tufa Pinus silvestris, Betula odorata, Vaccinium vitis 
idéa, Linnea borealis, &c. At the locality where the tufa occurs, no tufa is 
formed at the present time. The spruce (Picea Abies) and Acer platanoides grow 
abundantly at the place, but both are wanting in the tufas. : 

Not far from Nedre Dal, at the northern end of the great lake Mjésen, in the 
district of Birid, I found this summer a third deposit of tufa with the two same 
separate stages, viz., birch and fir tufa. 

From all this we learn that the flora of the Gudbrandsdal (as, indeed, the whole 
Norwegian flora) immigrated during alternating rainy and dry periods. At first 
we have a time when glaciers flowed down the valley. After the ice had retired 
there was first a dry period, when the clay (2) was deposited. Then the rainfall 
increased again, and the springs formed a bed of tufa with such plants only as still 
grow in the sub-alpine birch region of our mountain valleys. Then the climate 
became drier. Dryas and other arctic plants descended from the higher mountains 
and flourished, together with Cotoneaster, at the upper limit of the immigrating 
pine forests, and soon afterwards the formation of tufa ceased totally, and the 
clay (5) was deposited. Once again the rainfall increased, and a new bed of tufa 
was formed. During this moist period all the valley was clothed in sombre woods 
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of the Scotch fir, in which also, besides a number of sub-alpine plants, more 
southern plants, as Betula verrucosa, occurred. At last the climate again became 
dry, and the formation of tufa ceased anew. After that time Picea Abies, Acer 
platanoides, and other plants of a more southern type immigrated into the valley.! 

In the case of these tufas there is no doubt that the alternation of tufa beds 
and clays is due to a climatic period of long duration (probably caused by the 
precession of the equinoxes). Ina paper, On Variations of Climate in the Course 
of Time (‘ Nature,’ 1886), I have given many reasons for the occurrence of such 
a period. And ina later paper, On the Probable Cause of the Displacement of 
Shore-lines (London, Edinburgh, and Dublin, ‘ Phil. Mag.,’ 1889, pp. 405, 487, 
reprinted in the ‘Smithsonian Report,’ Washington, 1890, p. 325), I have tried to 
show how, with the aid of alternating strata, we may possibly get to a computation 
of geological time. It is no objection to this theory that alternating strata may 
be formed also by other and more local causes. We should try to learn to dis- 
tinguish between such local alternations and those which are caused by more 
generally operating and probably cosmical causes. 

Lastly, I would remark that in Denmark and Southern Norway the alternating 
layers of forest and peat in peat bogs show more alternations than the tufas and 
peat of our mountain valleys, the reason being probably that glaciers lingered in 
the mountain valleys a long time after the lowlands had been free of ice and snow. 


7. Fossil Arctic Plants found near Edinburgh. 
By Curmenr Rew, F.L.8., #.G.S8. 


Recent discoveries by Mr. Bennie, of the Geological Survey, have brought to 
light a series of silted-up tarns or small lochs in the neighbourhood of Edinburgh. 
These tarns seem to have lain in irregular hollows left on the retreat of the ice, 
for the lowest deposits usually yield remains of arctic plants. The principal 
localities for these plants are Corstorphine and Hailes. Trees, except perhaps the 
alder, are entirely missing in the lower deposits, and the vegetation consists mainly 
of dwarf willow and birch, with a few herbaceous plants, of species still living 
within the Arctic Circle. The list now includes the following plants, those 
marked with an asterisk being arctic species no longer living in the lowlands of 
Scotland :— 


Flowering Plants. 


Ranunculus aquatilis, Linn. 

- repens, Linn. 
Viola (?). 
Stellaria media, Cyr. 
Rubus sp. 

*Dryas octopetala, Linn. 
Potentilla sp. 
Poterium sp. 
Hippuris vulgaris, Linn. 
Myriophyllum spicatum, Linn. 
Taraxacum officinale, Web. 
Andromeda polyfolia, Linn. 
Menyanthes trifoliata, Linn. 


*Oxyria digyna, Hill. 
*Betula nana, Linn. 
Alnus (?). 
Salix repens, Linn. 

», lerbacea, Linn. 

» polaris, Wahlb. 

»» reticulata, Linn. 
Empetrum nigrum, Linn, 
Potamogeton sp. 


* 


Eleocharis palustris, R. Br. 


Scirpus pauciflorus, Lightf. 
» lacustris, Linn. 
Carex, 2 sp. 


Mosses (determined by Antony Gupp, F’.L.8.). 


Barbula fallax, Hedwig. 

aged fragilis, Bruch & Sch. 
Grimmia sp. 
Racomitrium sp. 


‘ A fuller description of these tufas is given in Engler’s Botanische Jahrbiicher 


for this year. 


Philonotis fontana, Brid. 


Aulacomnion palustre, Schw. 


Webera sp. 
Bryum sp. 
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Pogonatum sp. Hypnum rugosum, Ehrh. 
Polytrichum sp. i; cupressiforme, Linn. 
Camptothecium nitens, Schimp. ety sarmentosum, Wahl. 
Hypnum polygamum, Schimp. Ff cuspidatum, Linn. 
. fluitans, Linn. chert trifarium, Web. & Mohr. 
op revolvens, Swartz. rj scorpioides, Linn. 


8. The Cuttings on the Crieff and Comrie Railway. 
By Henry Coatss, F.2.S.2. 


As the Crieff and Comrie Railway is now being rapidly completed, the cuttings 
will in a very short time be covered or obscured. A record of what they presented 
when fresh may therefore be useful. 

The line is a fraction under six miles in length, and runs almost due east and 
west. Half-way between Crieff and Comrie it passes over the line of the great 
fault, which approximately divides the Old Red Sandstone of the Midland valley 
of Scotland from the Crystalline Rocks of the Highlands. The eastern or Crieff 
section passes over the Old Red Sandstone area, and the western or Comrie section 
passes over the Highland area. All the cuttings, of which there are seven, occur 
in the former section. 

The first cutting, which is also the most complicated in its geological features, 
occurs in the village of Crieff.. A few yards to the west of King Street the follow- 
ing series was exposed :—At the base, 8 feet of fine yellow sand or silt; next, a 
bed of boulder clay, 13 feet thick, in which the boulders are very large and nume- 
rous ; then 83 feet of peat, in which are some thin layers of sand and grit ; and, on 
the top of all, a foot of surface soil. This bed of peat is quite local, occupying a 
shallow basin in the boulder clay. About a hundred yards westwards, in the same 
cutting, the Old Red Conglomerate rises up in a buttress-like mass, and forms the 
base of the series at that point. It dips south-east at an angle of 30°. Its upper 
surface is very much disintegrated, apparently by ice action. Resting on this disin- 
tegrated surface is a bed of boulder clay, which to the west of Burrel Street rises 
urtil it reaches a thickness of 24 feet. On the western face of this bank of boulder 
clay there is a bed of river material. 

On either side of the valley of the Turret—which the line crosses—there are 
cuttings through the highest river terraces. In these cuttings boulder clay is 
exposed at the base for a depth of 3 or 4 feet, on the top of which rests a series of 
river deposits. These latter consist of fine and coarse gravels, grits, sands, and 
silts, all more or less distinctly bedded, the finer material frequently exhibiting false 
bedding. In the boulder clay some of the boulders are very large and finely 
striated. 

Two miles west from Crieff the line passes through a cutting where the Old 
Red Sandstone is exposed tilted up in a perfectly vertical position, and, indeed, 
bending over to a reverse angle of 78°. On the truncated edges of these beds rests 
a deposit of boulder clay, 30 feet thick, and on the top of that 4 or 5 feet of fine 
sand, apparently of river origin, 

The last cutting occurs three miles from Crieff, where the line is carried in a 
tunnel through the hill on which the Baird Monument stands. The rock through 
which the tunnel is bored is a very hard and coarse (Old Red) conglomerate. 

Tam indebted to Mr. John Young, C.E., Perth, the chief engineer, and to Mr. 
Moncur, the resident engineer, who gave me facilities for inspecting the cuttings, 
and also placed at my disposal the plans and sections of the line. 
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SATURDAY, AUGUST 6. 
The following Papers and Reports were read :-— 


1. On the Physical Geology of Arabia Petra and Palestine. 
By Professor Epwarp Hou, DL.D., F.R.S., F.G.S8. 


The author in this paper stated the results of the observations made during the 
expedition sent out by the Committee of the Palestine Exploration Fund in 
1883-84, including the observations of previous travellers. 

After describing the physical features of the region traversed, the author 
described the Archzan rocks of the Sinaitic and Edomite Mountains, succeeded 
by the Lower Carboniferous sandstone and limestone of Wady Nash ; succeeded by 
the Nubian sandstone (Neocomian or Cenomanian), the Cretaceous and Nummulite 
limestones, which form the table-land of Palestine and of Arabia Deserta. 

The relations of the Pliocene terraces along the coast, and those of the Jordan- 
Arabah Valley, to the older formations were also discussed. 

The author concluded by describing the line of the great fault or system of 
faults along the line of the Jordan-Arabah Valley, and showed how this great 
depression had (probably during the Pluvial period) been the basin of a lake, about 
200 miles in length, during the period of highest level, and had extended from the 
Wady-el-Arabah to the Lake of Merom. Conclusions regarding the climatic 
conditions of the Pluvial period and the extent of aqueous erosion were stated. 


2. On Two Tunnel Sections in the Cambrian of Carnarvonshire. 
By J. ¥F. Buaxe, M._A., F.G.S. 


A section in the Penrhyn Slate Quarries, lately made, shows felsite, like that 
of Llyn Padarn, in the midst of purple and other slates ; a position consistent with 
intrusion or contemporaneity, but not with a pre-Cambrian age of the felsite, 
except by the aid of hypothetical faults. 

The already described adit in Moel Tryfaen had been examined, and a conglo- 
merate, similar to that of the summit, but only thirtv inches thick, had been found 
between the purple and banded slates. This is considered to be probably different 
from the more massive and wider spread mass on the summit, though no proof of this 
is as yet offered. The conglomerate, however, is not at the base of the series in 
any case, but is followed below by a long series of banded slates, Bangor breccia, 
coarse grits, anda lower smaller breccia conglomerate. Amongst the grits are two 
bands of felsite, possibly intrusive, but certainly not earlier than the grits, so 
that the hill has, on the whole, very little felsite in it at all. 


3. Report of the Committee on the Volcanic Phenomena of Vesuvius. 
See Reports, p. 338. 


4. Report of the Committee on Elbolton Cave.—See Reports, p. 266. 


5. Interim Report of the Committee on the Excavations at Oldbury Hill. 
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: MONDAY, AUGUST 8. 
The President’s Address (see p. 695) was delivered, and the following Papers 
were read :— 


1. On the Relation of the Bunter Pebbles of the English Midlands to those 
in the Old Red Sandstone Conglomerates of Scotland. By Professor 
T. G. Bonnay, D.Sc., F.B.S. 


The author had recently examined the conglomerates near Brodick (Arran), 
at Rothesay, and in the neighbourhood of Callander. He had already expressed 
the opinion that the quartzites in the Midland Bunter Pebble Beds were identical 
with those abundant in Arran, and was convinced this was the case. The felstone 
pebbles found in the Midlands were, he was now satisfied, similar to the Scotch 
felstones, which occur both zm situ and as pebbles in the Old Red Sandstone con- 
glomerates, and in more than one locality in the latter he had found a peculiar 
quartz-felspar grit (like Torridon Sandstone), which occurs also in the Midland 
Pebble Beds. 


2. On the Relations of the Rocks of the Lizard District. 
By AuEx. SoMERvAIL. 


These rocks include the hornblende-schist, serpentine, gabbro, granite, &e., 
which the author regards as all belonging to the same period of geological time, 
and to have segregated or separated out from each other during the cooling of a 
homogeneous magma. 

There seems absolute evidence in the field to show that the serpentine is a non- 
intrusive rock, that it was the first portion of the magma to cool, and is broken 
through by all the other rocks, but that it is intrusive into none. 

The relations between the serpentine and the diorite and portions of the granu- 
litic rocks are those of segregation, and not of intrusion, as many sections show 
these rocks associated together in great alternating bands with a concentric-like 
structure with complete transition varieties, but with no signs of intrusion on the 
part of either. These concentric-like structures, which are certainly original— due 
to cooling—have been subsequently displaced and broken up, so that the now 
isolated purtions are mistaken for intrusive tongues of serpentine or included frag- 
ments of hornblende. When followed out they resolve themselves into what were 
once connected masses. 

While the main masses of these rocks have separated out from each other, and 
cooled in the order of increasing acidity, there also seems absolute proof in the field 
that the intrusive dykes in the serpentine, consisting of diorite, granite, complexes 
of these and also of gabbro, are but portions of the uncooled magma of the main 
masses which were able to penetrate the serpentine. 

That the main masses and the dykes are of one and the same age is evident, 
not only from their mineral composition and lithological aspect, but also from the 
fact that all these rocks are inter-related—for example, the gabbro and diorite 
dykes coalesce, and dykes of the former have margins of the latter. The diorite 
contains inclusions of gabbro, and in some instances inclusions of the latter contain 
others of the former. The granulitic rocks, diorite, and gabbro occur as a regular 
interbanded series, and there are also schists of these complexes. 

The facts seem to warrant the following conclusions :— 

1. That all these rocks belong to one geological epoch; that their relations are 
principally those of segregation or separation, and in a lesser degree of contempo- 
raneous intrusion on the part of the less basic and more acid portions of the 
magma. 

2, That the olivine portion of the magma now forming the serpentine was the 
first to cool, followed by the others in the order of their increasing acidity. 

3. That the serpentine is a non-intrusive rock, and one into which all the other 
types of rock have been intruded, the granite intrusions being the latest. 
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3. The Ice-Shed in the North-West Highlands during the Maximum 
Glaciation. By B.N. Peacu, F.B.S., F.G.S., and J. Horne, F.G.S. 
[Communicated by permission of the Director-General of the Geological Survey. ] 

In the course of the geological survey of the North-west Highlands certain data 
have been observed which seem to point to the conclusion that during the maximum 
glaciation the ice-shed did not coincide with the existing water-shed of the region. 
From an examination of the striz and the distribution of the boulders, it would 
appear that the ice-parting then lay to the east of the present water-shed. In the 
group of mountains forming the eastern chain of Assynt, Sutherlandshire, extend- 
ing from Glasven and Ben Uidh by Coniveall to Braebag, the phenomena relating 
to this remarkable dispersion of the ice may be seen to advantage. On Ben Fuaran, 
which is composed of displaced members of the Cambrian formation (quartzites, 
fucoid beds, and serpulite grit), boulders of Lewisian gneiss are met with, which 
have been borne westwards from the deep corries on the north-east slope of the 
Ben More range. In like manner on the long ridge of Braebag, running south- 
wards from the Beallach of Coniveall, the average height of which is over 2,000 
feet, splendid striated surfaces are observable, the ice-markings pointing in a 
westerly direction. Numerous blocks of thrust Lewisian gneiss and granulitie 
quartz-schist (Moine schist) occur on the crest and slopes of this ridge, derived 
from areas lying to the east of Braebag. The average level of the plateau 
formed by the eastern schists to the east of Kinloch Ailsh is lower than that of the 
water-shed south of the Beallach of Coniveall. 

Passing southwards to the mountainous region in Ross-shire, in the neich- 
bourhood of Kinlochewe, Loch Maree, there is abundant evidence of the granulitic 
Moine schists having been carried to higher levels by the westerly movement of 
the ice.. On the elevated peaks and slopes of Sgurr Ban, Corrie Mac Fearchar, 
Ben Slioch, and Ben Eighe, composed of Torridon sandstone and Cambrian 
strata, numerous blocks of yarious types of the eastern schists have been observed. 

It would appear that during the great extension of the ice, even these lofty 
mountains had been overstopped by the ice-sheet, while at a later period the various 
mountain groups formed independent centres for the dispersion of local glaciers. 


4, On a Bone Cave in the Cambrian Limestone in Assynt, Sutherlandshire. 
By B. N. Peacu, F.B.S., F.G.S., and J. Horne, F.G.S. 


[Communicated by permission of the Director-General of the Geologieal Survey. | 


The authors called attention to a group of caves occurring on the south side of 
the valley of Allt an Uamh (Burn of the Caves) traversing the limestone plateau 
of Inchnadamff, Sutherlandshire. Owing to the limestones being piled together 
by reversed faults, the streams flowing on to the plateau from the surrounding 
less pervious rocks plunge underground on reaching the limestone and emerge 
at lower levels. All the tributaries of the Allt an Uamh, save during heavy floods, 
disappear at a considerable distance above the caves, and issue as two powerful 
springs about a mile below the bone cave. The authors are of opinion that a stream 
may have issued from the floor of the bone cave at a time when the valley was 
filled with glacial deposits up to the level of the caves. These materials haying 
been largely removed by denudation, the water circulates at lower levels in the 
limestone plateau. 

Tn the autumn of 1889 the authors, together with the Rev. Mr. Short and Mr. 
Clarence Fry, explored the most easterly cave with the following results, the 
materials being carefully examined as they were removed :— 

(a) Peaty matter from a few inches to a foot thick. 

() Lenticular layer of calcareous marl about one foot thick, composed of the 
remains of various land shells. 

(c) Red clay or cave earth from one to three feet. Indications of human occu- 
pation occur at various levels in the form of layers of charcoal, split and calcined 
bones, comprising reindeer, red deer, badger, fox, bones of birds—chiefly of grouse 
—with nests of frog bones. 


TRANSACTIONS OF SECTION C. 721 


(d) Fine grey clay with quartzite boulders about six inches thick. —« 
(e) A layer composed of limestone fragments yielding bones of birds, fish, and 
a finely preserved canine tooth of the brown bear, discovered by Mr. Clarence F ry. 
(f) A layer of gravel composed of stones foreign to the cave, but occurring in 
= ns drift or derived from rock im situ within the basin of Allt an 
amh, 


5. Interim Report of the Oommittee fur Investigating the Structure of a 
Coral Reef. 


TUESDAY, AUGUST 9. 


The following Papers and Reports were read :— 


1. Landslips in the St. Cassian Strata of S. Tyrol. 
By Miss M. M. Oaitvig. 


This paper deals with the nature of the landslips in the Wengen and Cassian 
strata, in the neighbourhood of St. Cassian in 8. Tyrol, and the effect which they 
have produced in mingling the fossils derived from rocks of different horizons. 

The peculiar liability of these strata to landslips is attributable (1) to their 
lithological character and stratigraphical relations; they are soft, easily weathered, 
earthy tuffs and thin-bedded marls and limestones. while the strata above and 
below them are composed of much harder rock, dolomitic or voleanic ; (2) to their 
occurrence at the high altitude of 5,000 to 7,000 feet, and in # region where the 
ordinary atmospheric agencies may, and often do, indirectly produce most violent 
effects, due to the sudden swelling of mountain streams and their increased powers 
of eroding and transporting loose or insecure material. 

If, from any cause whatever, a breach takes origin in a high-lying meadow, 
either suddenly or gradually, it must inevitably become wider and deeper in the 
course of years. The essential features in the development of the landslips in 

_- Wengen and Cassian strata are admirably illustrated by the actual exposures on 
_ the Alp of Prelongei above St. Cassian, The turfed ground along the top terrace 
or ridge is cracked, fissured, and rent into huge irregular ‘clods,’ which sink in 
Jarger or smaller fragments steadily downward and outward ; the streams at the 
base of this ridge eat backward and undermine fresh portions, at the same time 
actively carrying off the débris and layering it afresh at lower levels. 

The ‘ Muren,’ on the 8S. side of Prelongei, are great scars, 300 feet high, which 
were opened up by a series of landslips three centuries ago. As the dip of the 
beds is to the N.E., these ‘Muren’ have remained steep, whereas in the case of 
slips on the N. side, the slipped rock rests as it were on a sliding plane, and must 
travel slowly downward. The loosened material from each new slip fills up the 
gap made by the previous slip; the surface thus becomes raised, and a plane of 
repose is gradually reached. 

Several highly fossiliferous limestones and marls occur in the Cassian beds; 
some in the upper horizons capping the series exposed in the ‘ Muren’ have yielded 
most of the fossils gathered over the whole Prelongei and Stuores Alps. For 
fragments of these fossiliferous beds occur. in secondary position in the lower 
ground where the remains of successive landslips form in some parts an almost 
continuous mantle over the beds actually in position. 

A lower fossiliferous zone is recognisable at the base of the beds of the ‘ Muren,’ 
but its precise paleontological value will take some years to determine. To this 
end the fossils lying loose cannot be used; only those which have been so far 
weathered out in the bedded rock itself can be regarded as secure eviderce. This 
whole series, in which the landslips here and elsewhere have mainly taken place, 
merit from the fossils contained in them the name of St. Cassian strata, but they 
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are essentially the upward continuation of the Wengen beds, the two series to- 
gether forming a sharply defined complex of very great tektonic importance in the 
region of ‘ The Dolomites.’ 


2. On a Granite Junction in Mull. 
By J. G. Goopcuinp, H.M. Geological Survey. 


[Communicated by permission of the Director-General of the Geological Survey.] 


A quarter of a century back Professor Hughes expressed the opinion that 
granites and some other intrusive rocks did not thrust aside the rocks they invaded, 
but rather that they occupied exactly the same position, and that they replaced, 
rather than displaced, an equivalent bulk of the rocks into which they had eaten 
their way. Ata later date Mr. Clough came to the same conclusion in regard to 
Whin Sill of Teesdale. The idea did not find acceptance except amongst field 
geologists, the chief objection urged against it being the remarkable uniformity of 
composition of the invader where the rocks assimilated happened to present a wide 
range of chemical composition. Mr. Clough suggested as an explanation of this 
difficulty that the molten rock might have undergone circulation throughout the 
mass as fast as it was melted up. 

The author's examination of the peripheral parts of the Ross of Mull granite 
(as well as of others in Cornwall and elsewhere) seemed to him to lend further 
support to the views advanced by Professor Hughes and Mr. Clough. He considers 
that the evidence is in favour of replacement by melting in the case of the majority 
of intrusive masses, the molten rock being diffused as an alloy throughout the 
mass, but that where the superincumbent pressure was comparatively low he admits 
that a true laccolite might really be formed, and the molten mass thrust into a 
space formed by local upheaval of the overlying rock without any such replacement. 


‘ 


3. The St. Bees Sandstone and tis Associated Rocks. 
By J.G. Gooncntip, H.M. Geological Survey. 


[Communicated by permission of the Director-General of the Geological Survey. ] 


The author reviews the history of opinion upon the classification of the New 
Red rocks of Cumberland and Westmorland, and then gives the following as the 
maximum thickness, general succession, and probable equivalents elsewhere of 
these rocks :— 

New Red Series (Upper Division), 
Maximum observed 
thickness in feet. 
(5) Red marls with rock salt and gypsum . : d ~ eebO 
(4) St. Bees Sandstone, with the following subdivisions :— 
(d) Waterstones ; (c) zone of tile red phases; (d) dull 
Red Sandstone with local-bands of fine con- 
glomerate and occasional pebbles; (a) zone of 
variegated sandstones. In all . P > . 2,000 
(Aa) graduates downward into— 
(3) Gypsiferous marls with local conglomerate at its base . 300 


Magnesian Limestone Group. 

(2'') Magnesian Limestone « wd - aes Sikhs eo wuts 25 
(2') Plant beds .. a Richa haa eer a . : 3 eb 
Lower New Red. 

(1) Penrith Sandstone: the Brockrams fu 8 . » 1,500 

bad iy iy 
Extensive Unconformity. 


There is a perfectly unbroken downward succession as far as the conglomerate 
at the base of (3) ; and, therefore, as (4c) is admitted.on a]l hands to be of Triassic 


hi 
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age, the remainder of (4) and the whole of (5) must be of Triassic age also. (3) 
lies indifferently upon either member of (2) or upon the upper part of (1). It is 
therefore slightly unconformable to the beds below. These are admitted on all 
hands to be Permian; therefore the break between the Trias and the Permian is at 
the base of (3). The author considers that the whole of these rocks form the 
natural basement beds of the Neozoic rocks, and that the dividing line between the 
Paleozoic rocks and those of Neozoic age should be taken somewhere between the 
Red rocks of the Salopian type (to which he would restrict the term Permian) 
and the true New Red, as the term is here employed. He considers that the New 
Red proper bears the same relation to the Jurassic and Rhetic rocks that the 
upper Old Red Sandstone does to the Carboniferous, and that the Salopian Permian 
may possibly occupy the same relation in regard to the Carboniferous rocks as the 
Glengariff Grits do to the Silurians. Some at least of the Salopian rocks may be 
simply Carboniferous rocks stained by infiltration from the New Red. 

The author regards the St. Bees Sandstone as mainly equivalent te the Bunter, 
and proposes that the term Bunter Marls should be applied to the marls which 
here (and in Devonshire, &c.) occur at the base of that subdivision. 


4, The Sequence of Gneissose Rocks. By J.J. H. Treaty, F.K.S., FG. 


5. Supposed Radiolarian Remains from the Slates of Howth. 
By Professor W. J. Soutas, /.L.S., F.G.S. 


6. Supposed Radiolarian Remains from the Culdaff Limestone. 
By Professor W. J. Sounas, F.B.S., F.G.S. 


7. On some Dicynodout and other Reptile Remains from the Elgin 
Sandstone. -By E. T. Newton, F.G.S., F.Z.S. 


At the Aberdeen meeting of the British Association in 1885 Dr. Traquair 
called attention to the skull of a dicynodont which had been discovered in the 
Elgin Sandstone of Cutties’ Hillock (=New Spynie).' Since that time several 
other specimens have been obtained from the same place, some of which are the 
property of the Elgin Museum, while others belong to the Geological Survey of the 
United Kingdom. .These specimens are now being worked out by the author, and 
this communication is a preliminary note on the interesting results which have 
been obtained. 

’ All the reptile remains obtained from Cutties’ Hillock are in the condition of 
hollow casts, the bones themselves having been dissolved away ; this, it will be 
remembered, was the case with some of the examples of Stagonolepis from the 
Elgin Sandstone, described by Prof. Huxley, and the method of taking casts from 
the hollow cavities, which was adopted in that case, has been found of great 
advantage in tie present instance. ‘The blocks when brought from the quarry 
were more or less split open, exposing portions of the specimens. In some cases 
these cavities were traced out and developed with the chisel, while in others they 
were farther split open, thus allowing casts to be taken. In many cases these 
casts had to be made in several parts and afterwards fitted together. The time 
and labour involved in this task have been repaid by the restoration of the skulls 
and parts of skeletons of several I)icynodonts and one or two other equally 
remarkable forms of reptiles. 

In most of these specimens, including that noticed by Dr. Traquair, the skulls 
are similar in form, although differing in minor details, and have a general resem- 
blance to the South African Dicynodon and Oudenodon, some of them having small 
tusks in the maxillary bones. With most of these skulls parts of the skeleton haye 
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been found. Two or three show the position of the vertebral column and ribs, but 
up to the present no definite centra have been traced ; besides this there is evidence 
of scapula, clavicle, humerus, radius, and ulna, the humerus having the charac- 
teristic anomodont expansion of the two extremities. In two specimens the ilia 
are preserved. These forms appear to be distinct from Décynodon, and probably 
represent at least two or three species. 

Another skull presents most of the characters of Ptychognathus, but has a short 
muzzle and no teeth. The last and by far the most remarkable skull of this 
series is about six inches in length, and has the outer surface completely covered 
in by bony plates, the nostrils, orbits, and pineal fossa being the only apertures. The 
chief feature of this skull is the extreme development of horns upon the face and 
cheeks, there being about thirty of these formidable defences, varying from a fourth 
of an inch to nearly three inches in length, besides some smaller bosses. The 
dentition is pleurodont, and resembles very closely that of the living Iguana; the 
palate is lacertilian, but with the pterygoids united in front of the pterygoid 
vacuity. This skuil reminds one very strongly of the living Moloch and Phrynosoma, 
but it probably finds its nearest ally in the Paretasaurus from the South African 
Karoo Bed. The detailed description of these specimens is nearly completed, and 
will, it is hoped, be shortly published. 


8. Report of the Committee on the Registration of Type Specimens. 
See Reports, p. 289. 


9. Report of the Committee on the Cretaceous Polyzoa. 
See Reports, p. 30L. 


10. Report of the Committee on Eurth-tremors.—-See Reports, p. 343. 


WEDNESDAY, AUGUST 10. 
The following Papers and Reports were read :— 


1. Additions to the Eurypterid Fauna of the Upper Silurian. 
By Matcotm Lavrte, B.A., B.Sc., F.L.8.) 


The uppermost Silurian rocks are almost universally characterised by a well- 
developed Eurypterid fauna. It has been described in Russia, Bohemia, and 
America, as well as in two or three places in Great Britain. The range of the 
species, however, is, as a rule, very limited, almost every new locality yielding 
new forms. 

The Silurian rocks of the Pentland Hills, passing as they do conformably into 
the Lover Old Red sandstone, might be expected to yield some trace of this fauna, 
and a small bed containing somewhat abundant remains was described by Mr. 
Henderson in the ‘Transactions of the Edinburgh Geological Society,’ vol. iii. 
The collection which he made is now in the Museum of Science and Art, where 
T had an opportunity of examining it last year. 

The specimens belong to three genera, one of which is new. Eurypterus is 
represented by three species, one of which—represented only by fragments—may 
be identical with E. scorpivides of Woodward; the other two appear to be new. 


1 A detailed account of these forms is in course of publication in the Zvansactions 
of the Royal Society of Edinburgh. 


: 
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One, E. conicus, is characterised by the conical form of the body and the very large 
eyes, which are nearer the margin than is usual in Eurypterus. In the other 
species (E. cyclophthalmus), which is only represented by a single specimen, two 
inches in length, the eyes are circular and comparatively large, the carapace being 
semicircular and with a distinct border. 

Stylonurus is represented by two species, also new. ‘S. ornatus is a com- 
paratively large form, about 18 inches in length, and is characterised by the form 
of the carapace, which is horse-shoe-shaped, the possession of epimera on the 
posterior segments and the abundance and variety of the ornamentation, The 
second species—Stylonurus macrophthalmus—is much smaller, and the most 
marked feature is the size of the eyes, which are half as long as the carapace. 

The third genus represented is a new one, to which I have given the name 
Drepanopterus. The carapace in this form is somewhat of the same shape as in 
Stylonurus, but broader in propotion to its length, measuring 3 inches by 1¢. 
The body is short and conical, being widest at the third segment. The first seg- 
ment seems very much reduced. ‘he ornamentation on the body is reticulate 
rather than scale-like. Only one Jimb is preserved, which is 4 inches long and 
shows the four last joints, of which the first three are subcylindrical and somewhat 
hour-glass-shaped, decreasing in length from the first to the third. The terminal 
joint is an inch long, expanded and falcate in shape, the posterior margin being 
slightly concave and the anterior margin strongly convex. The whole limb is 
covered with punctate markings. There are traces of a second limb, which probably 
equalled this one in size. The form of the limb seems to be somewhat intermediate 
between Stylonurus and Eurypterus. 


2. Report of the Committee on Fossil Phyllopoda.—See Reports, p. 298. 


3. On the Occurrence of Chonetes Pratti, Davidson, in the Carboniferous 
Rocks of Western Ausiralia. By R. Butten Newroy, F.G.S., British 
Museum (Natural History). 


In this communication the author directed attention to some valves of a 
Chonetes recently discovered by Mr. Harry Page Woodward, F.G.S., in rocks of 
Carboniferous age situated in the Irwin River District of Western Australia, which 
he referred to C. Prattz, a species described and figured by the late Dr. Thomas 
Davidson in the ‘ Geologist’ for 1859, plate 4, figs. 9-12, p. 116. As the original 
description, contained only in the explanation of the plates, is necessarily somewhat 
brief and imperfect, the following additional characters were submitted:—(1) That 
the external surface of both valves, besides being ornamented with very fine radiat- 
ing striz, possess subimbricating concentric lines of growth; (2) that the extent 
of the cardinal margin represents the minimum width of the shell; (3) that the 
granular asperities on the interiors of the valves are disposed in lines as they reach 
the margins, having more or less an elongate appearance resembling short tubular 
spines ; (4) that the external surface of the ventral valve exhibits a number of 
small orifices placed at irregular distances, which are probably basal attachments 
of spines, a character known to exist in Chonetes papilionacea, C. Hardrensis, Ke. 
The author then gave the dimensions of the Davidson type valves, together with 

_ those of the Western Australian specimens, the latter being somewhat larger. A 
minute examination of the Western Australian specimens and their comparison 
with the originals of C. Pratti in the Davidson collection at the British Museum 
has demonstrated the fact that they are mineralogically as well as structurally the 
same brachiopod. This fact is of considerable importance, as the Davidson speci- 
mens at the time of description were unlocalised, and the species, as far as can be 
ascertained, has never been referred to since either by Davidson himself or by any 
other writer up to the present time. There is very little doubt that the Irwin 
River District, besides producing this new material, yielded also the Davidson 
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types. The paper concluded with 2 small list of Carboniferous fossils collected 
in the same neighbourhood, which have been described and figured by Messrs. A. 
H. Foord and G. J. Hinde in the ‘ Geological Magazine’ for 180. 


4. On Porphyritic Quartz in Basic Iqneous Rochs. 
By AurreD Harker, M.A., £.G.8.' 


Basalts enclosing quartz-grains are known from the Tertiary voleanic areas of 
the United States and from other parts of the world, and similar grains of quartz 
occur widely, though sparingly, in the lamprophyre dykes (‘ mica-traps,’ &c.) of 
the North of England and other districts. Having regard chiefly to the latter 
eroup of rocks, the author maintains that the quartz has not the characters of 
mechanically derived fragments ; while it is difficult, on the other hand, to conceive 
of free silica crystallising from a basic magma. He supposes, as the source of the 
rocks in question, a large magma-basin separated by gravity into layers of different 
density. The quartz crystallised out in the upper acid magma, and sank, owing to 
its superior density, into the lower basic portion, which was afterwards separately 
injected or ejected as a basic rock. 


5. On the Occurrence of Pisolitic Tuff in the Pentlands. 
By H. J. Jouyston-Lavis, M.D., Bac.-¢s-Sci., F.GS. 


Daring the Saturday's excursion of the British Association to the Pentland 
Tlills, under the able guidance of Mr. Peach, we were shown some tuffs that cap the 
ridge we were crossing from Logan Burn to Penicuik, or more correctly in the 
third quarry down from the crest of the ridge between Carnethy and Scald Law. 
These tuffs overlie scoriaceous andesites, which in their turn are superposed on 
basalts. 

The tuffs are well stratified, at times finely banded, and altogether composed 
of minute fragments, which in considerable part can be seen to be pumice. 

The interesting points about these tuffs, from a vulcanological point of view, is 
the presence of pisolites, showing all the characters of those structures so common 
in dusty tuffs of recent formation—that is to say, with a coarse-grained nucleus 
surrounded by a fine-grained shell. 

I originally believed these pisolites to be due to a sort of accretion, such as 
forms in glazing pottery. They have, however, been shown to be produced by 
drops of rain falling through a dusty atmosphere. Now such an origin will 
explain their structure—the rain drop will at first catch both coarse and fine 
particles on its surface, but preferably the larger ones, for they are more easily 
wetted. As the drops of water get gradully filled with solid particles the amount 
of available moisture on the surface gets less and less, so that finally only the finest 
powder can adhere. Pisolites frequently enclose a cavity in their centre, probably 
due to the larger particles jamming together and forming a spherical yault around 
the central drop of water. 

The deductions to be drawn from the existence of these pisolites is that they 
indicate that practically sub-aerial volcanoes, or at any rate vents in yery shallow 
water, are necessary for their production. , 

I have recognised pisolites in tufts of Triassic age in Germany, but these of the 
Old Red Sandstone period are the oldest recorded occurrence of such accretions, 
and form another link of evidence in favour of the similarity between ancient and 
actual volcanic action. 


1 Published in extenso in the Geological Magazine, 1892. 
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6. On Some Limerick Traps. By W. W. Warts, M.A., F.G.S. 


{Communicated by permission of the Director-General of the Geological Survey.] 


After referring to previous descriptions of these Carboniferous volcanic rocks by 
Messrs. Hull and Kinahan the writer gave a short account of their succession and 
mineral characters. The earliest eruptions were of porphyrite lava and ash, 
followed after an interval of sedimentation by eruptions of basaltic lava and ash. 
Intrusive masses of porphyrite and quartz-porphyrite penetrate the Old Red Sand- 
stone, Carboniferous Limestone, and the eruptive masses themselves. The latest 
lava in the area is a limburgite containing large crystals of augite and pseu- 
domorphs of olivine in a fine-grained base consisting of augite and magnetite. 
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Section D.—BIOLOGY. 


PRESIDENT OF THE SectIoN—Professor W. RutrneRFonD, M.D., F.R.S., F.R.S.E. 


THURSDAY, AUGUST 4. 
The PrusipEnt delivered the following Address :— 


At the meeting of this Association held at Birmingham in 18861 had the 
honour of delivering a lecture on the sense of hearing, in which [ criticised the 
current theory of tone-sensation, and I propose on this occasion to discuss the 
current theories regarding our sense of colour. 

I may premise that our conceptions of the outer world are entirely founded on 
the experience gathered from our sensory impressions, Through our organs of 
sensation, mechanical, chemical, and radiant energies impress our consciousness. 
The manner in which the physical agents stimulate the peripheral sense-organs, 
the nature of the movement transmitted through our nerves to the centres for 
sensation in the brain, the manner in which different qualities of sensation are 
there produced—all these are problems of endless interest to the physiologist and 
psychologist. 

Every physiologist has acknowledged the profound significance of Johannes 
Miiller’s law of the specific energies—or, as we should rather say, the specitic 
activities of the sense-organs. ‘To those unfamiliar with it I may explain it by 
saying that if a motor nerve be stimulated, the obvious result is muscular move- 
ment; it matters not by what form of energy the nerve is stimulated—it may be 
by electricity or heat, by a mechanical pinch or a chemical stimulus—the specific 
result is muscular contraction. In like manner, when the nerve of sight is stimu- 
lated-—it may be by light falling on the retina, or by electricity, or mechanical 
pressure, or by cutting the nerve—the invariable result is a luminous sensation, 
because the impression is transmitted to cells in the centre for vision in the brain, 
whose specific function is to produce a sense of light. 

The same principle applies to the other sensory centres; when thrown into 
activity, they each produce a special kind of sensation. The sun’s rays falling on 
the skin induce a sense of heat, but falling on the eye, they induce a sense of light. 
In both cases, the physical agent is the same ; the difference of result arises from 
specific differences of function in the brain centres concerned in thermal and visual 
sense. We have no conception how it is that different kinds of sensation arise from 
molecular movements in the different groups of sensory cells ; we are as ignorant. 
of that as we are of the nature of consciousness itself. 

The subject I propose to discuss on this occasion is not the cause of the different 
kinds of sensation proper to the different sense-organs, but the causes of some 
qualities of sensation producible through one and the same sense-organ. 

The theory of tone-sensation proposed by Helmholtz is, that the ear contains an 
elaborate series of nerve terminals capable of responding to tones varying in pitch 
from sixteen vibrations to upwards of 40,000 vibrations per second, and that at least 
one different fibre in the auditory nerve, and at least one different cell in the centre 
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for hearing, is affected by each tone of perceptibly different pitch. Although the 
physical difference between high and low tones is simply a difference in frequency 
of the sound waves, that is not supposed by Helmholtz to be the cause of the 
different sensations of pitch. According to his theory, the function of frequency of 
vibration is simply to excite by sympathy different nerve terminals in the ear. The 
molecular movement in all the nerve fibres is supposed to be identical, and the 
different sensations of pitch are ascribed to a highly specialised condition of cells. 
in the hearing centre, whereby each cell, so to speak, produces the sensation of a 
tone of definite pitch, which in no way depends on the frequency of incoming 
nerve impulses, but simply on the specific activity of the cell concerned. 
In my lecture on the sense of hearing [ pointed out in detail the great 
anatomical difficulties attending the theory in question. I endeavoured to show 
the physical defect of a theory which does not suppose that our sensations of 
harmony and discord must immediately depend upon the numerical ratios of nerve 
vibrations transmitted from the ear to the central organ, and I offered a new theory 
of hearing based upon the analogy of the telephone. According to that theory, 
there is probably no analysis of sound in the ear; the hair-cells at the peripheral 
ends of the auditory nerve are probably affected by every audible sound of what- 
ever pitch. When stimulated by sound they probably produce nerve vibrations, 
simple or compound, whose frequency, amplitude, and wave-form correspond to 
those of the sound received. The nerve vibrations arriving in the cells of the 
auditory centre probably induce simple sensations of tones of different pitch, or 
compound sensations of harmonies or discords strictly dependent on the relative 
irequencies of the nerve vibrations coming in through the nerve. 

- I cannot now recapitulate the evidence derived from anatomical, experimental, 
and pathological observations that give support to my theory of hearing, but I may 
briefly say that it is opposed to the theory of specific activities, in so far as it has 
been applied to explain the different qualities of sound sensation. It is, however, 
in strict accord with the fundamental proposition stated by Fechner’ in his great 
work on psychophysics in these words: ‘The first, the fundamental hypothesis is, 
_ that the activities in our nervous system on which the sensations of light and 
sound functionally depend are, not less than the light and sound themselves, to he 
regarded as dependent on vibratory movements.’ It is evident that, if we could 
only comprehend the nature of the molecular movement in the nerve that links the 
vibration of the physical agent to that in the sensory cell, we could advance 
towards a true theory of the physiological basis of different qualities of sensation in 
the different sense-organs. As yet no definite answer can be given to the question, 
what sort of molecular movement constitutes a nerve impulse, but in recent years 
our knowledge of the subject has been extended in a direction that opens up a 
new vista of possibilities. 

A nerve impulse travels at a rate not much more than 100 feet per second—an 
extremely slow speed compared with that of electricity in a wire. It has been 
thought to be of the nature of a chemical change sweeping along the nerve, but 
that hypothesis is opposed by the fact that the most delicate thermo-pile shows no 
production of heat, even when an impulse is caused to sweep repeatedly along the 
same nerve. Again, it is far easier to fatigue a muscle than a nerve. A living 
frog’s nerve removed from the animal, and therefore deprived of all nutrition, can 
retain its excitability for nearly an kour, although subjected all the while to thirty 

or forty stimulations per second. An excised muscle, when similarly stimulated, 

is exhausted far sooner, because the mechanical energy entirely springs from 
chemical change in the muscular substance, and therefore the muscle is more easily 
fatigued than the nerve. The molecular commotion in the excited nerve produces 

a momentary electrical current; but that result is not peculiar to nerve. The 

same occurs in muscle when stimulated. Possibly the molecular movement is of 

the nature of a mechanical vibration; at all events, we now know that a nerve 
can transmit hundreds, even thousands, of impulses, or let us simply say vibrations, 
per second. That fact is so important and significant in relation to the physiology 


EEE 


! Elemente der Psychophysik, 1860. 2nd edition, 1889, part ii. p. 282. 
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of the sense organs that I show you an experiment to render it more intelligible. 
A frog’s muscle has been hooked to a light lever to record its movement on a 
smoked cylinder. The nerve of the muscle has been laid on two electrodes con- 
nected with the secondary coil of an induction machine. In the primary circuit a 
vibrating reed has been introduced to serve as a key for making and breaking the 
circuit, and so stimulating the nerve with periodic induction shocks. If we make 
the reed long enough to vibrate ten times per second, ten impulses are sent through 


the nerve to the muscle and ten distinct contractions produced, as shown by the. 


wavy line upon the cylinder. If we shorten the reed so that it will vibrate, say, 
fifty times per second, the muscle is thrown into a continuous contraction and 
traces a smooth line on the cylinder; but if we listen to the muscle we can hear a 
tone having a pitch of fifty vibrations per second, from which we know that fifty 
nerve impulses are entering the muscle and inducing fifty shocks of chemical dis- 
charge in the muscular substance. If we take a reed that vibrates, say, £00 times 
per second, we hear, on listening to the muscle, a tone having the pitch of 500 
vibrations. Observe that we are not dealing with the transmission of electrical 
shocks along the nerve, but with the transmission of nerve impulses. By stimu- 
lating the nerve with wires of a telephone it has been shown by D’Arsonval that a 
merve can transmit upwards of 5,000 vibrations per second, and that the wave- 
forms may be so perfect that the complex electrical waves produced in the 
telephone by the vowel sounds can be reproduced in the sound of a muscle after 
having been translated into nerve vibrations and transmitted along a nerve. Such 
experiments go far in helping us towards a comprehension of the capabilities of 
nerves in transmitting nerve vibrations of great frequency and complicated wave 
form; but although they enable us reasonably to suppose that all the fibres of the 
auditory nerve can transmit nerve vibrations, simple or complex, and with a 
frequency similar to that of all audible tones, we encounter superlative difficulty 
in applying such a theory to the sense of sight. In objective sound we have to 
deal with a comparatively simple wave motion, whose frequency of vibration is not 
difficult to grasp even at the highest limit of audible sound—about 40,000 vibra- 
tions per second. But in objective light the frequency of vibration is so enormous— 
amounting to hundreds of billions per second—that everyone feels the difficulty of 
forming any conception of the manner in which different frequencies of ether waves 
induce differences in colour sensation. 

But before passing to colour sense I wish to allude for a moment to the sense 
of smell, The terminals of the olfactory nerve in the nose are epithelial cells. It 
has been recently shown by Von Brunn! that in man and other mammals the cells 
have at their free ends very delicate short hairs, resembling those long known in 
lower vertebrates, These hairs must be the terminal structures affected by sub- 
stances that induce smell, and are therefore analogous to the hairs on the terminal 
cells in our organ of hearing. No one ever suggested that the hairs of the 
auditory cells can analyse sounds by responding to particular vibrations, and I 
think it quite as improbable that the hairs on any particular olfactory cell respond 
to the molecular vibrations of any particular substance. If we follow those who 
have had recourse to the doctrine of specific activities to explain the production 
of different smells, we must suppose that at least one special epithelial cell and 
nerve fibre are affected by each different smelling substance. Considering how 
great is the variety of smells, and that their number increases with the production 
of new substances, it would be a somewhat serious stretch of imagination to sup- 
pose ‘that for each new smell of a substance yet to emerge from the retort of the 


chemist there is in waiting a special nerve terminal in the nose. It seems to me 


far simpler to suppose that all the hairs of the olfactory cells are affected by every 
smelling substance, and that the different qualities of smell result from differences 
in the frequency and form of the vibrations initiatéd by thé action of the chemical 
molecules on the olfactéry cells and transmitted to the ‘brain. ‘That hypothesis 
was, I believe, first suggested by Professor Ramsay,” of Bristol, in 1882, and it 


' Von Brunn, Archiv fiir mikroskopische Anatomic, 1892, Band 39, p. 638. 
2 Ramsay, WVature, vol. xxvi. 1882, p. 189. a ‘ 
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seems to me the only intelligible theory of smell yet offered. But it must be 
admitted that a theory of smell such as that advanced by Ramsay involves a more 
subtle conception of the molecular vibrations in nerve fibrils than is required in 
the case of hearing. It involves the conception that musk, camphor, and similar 
substances produce their characteristic qualities of smell by setting up nerve 
vibrations probably of different frequencies and different complexities, We shall 
see what bearing this may have on the theory of colour sense, to which I now pass. 

No impressions derived from external Nature yield so much joy to the 
mind as our sensations of colour. Pure tones and perfect harmonies produce 
delichtful sensations, but they are outrivalled by the colour effects of a glorious 
sunset. Without our sense of colour all Nature would appear dressed in bold 
black and white, or indifferent grey. We would recognise, as now, the beauty of 
shapely forms, but they would be as the cold engraving contrasted with the 
brilliant canvas of Titian. “The beautiful tints we so readily associate with natural 


_ objects are all of them sensations produced in our brain. Paradox though it 


appear, all Nature is really in darkness. The radiant energy that streams from a 
sun is but a subtle wave-motion, which produces the common effects of heat on all 
bodies, dead or living. It does not dispel the darkness of Nature until it falls on 
a living eye, and produces the sense of light. Objective light is only a wave 
motion in an etherial medium ; subjective light is a sensation produced by mole- 
cular vibration in our nerve apparatus. 

The sensory mechanism concerned in sight consists of the retina, the optic 
nerve, and the centre for visual sensation in the occipital lobe of the brain. In the 
vertebrate eye the fibres of the optic nerve spread out in the inner part of the 
retina, and are connected with several layers of ganglionic cells placed external to 
them. The licht has to stream through the fibres and ganglionic layers to reach 
the visual cells—that is, the nerve terminals placed in the outer part of the retina. 
They may be regarded as epithelial cells, whose peripheral ends are developed into 
peculiar rod and cone-shaped bodies, while their central ends are in physiological 
continuity with nerve fibrils. Each rod and cone consists of an inner and an outer 
segment. ‘ The outer segment is a pile of exceedingly thin, transparent, doubly 
refractive discs,’ colourless in the cone, but coloured pink or purple in the rod. In 
man, the inner segment of both rod and cone is colourless and transparent. Its 
outer part appears to be a compact mass of fine fibrils that pass imperceptibly into 
the homogeneous-looking protoplasm in the shaft of the cell. Owing to the 
position of the rods and cones, the light first traverses their inner, then their outer 
segments, and its unabsorbed portion passes on to the adjacent layer of dark- 
brown pigment cells by which it is absorbed. It is not necessary for me to discuss 
the possible difference of function between the rods and cones. I may simply say 
that in the central part of the yellow spot of the retina, where vision is most 
acute, and from which we derive most of our impressions of form and colour, the 
only sensory terminals are the cones.’ A single cone can enable us to obtain a 
distinct visual impression. If two small pencils of light fall on the same cone the 
resulting sensory impression is single. To produce a double impression the 
luminous pencils must fall on at least two cones. That shows how distinct must 
be the path pursued by the nerve impulse from a visual cell in the yellow spot to a 
sensory cell in the brain. The impulses must pursue discrete paths through the 
apparent labyrinth of nerve fibrils and ganglion cells in the retina to the fibres of 
the optic nerve.’ I now pass to the physical agent that‘stimulates the retina. 

When a beam of white light is dispersed by a prism or diffraction grating, the 
ether-waves are spread out in the order of their frequency of undulation. The 
undulations of radiant energy extend through a range of many octaves, as Hertz 
has recently shown, but those able to stimulate the retina ard comprised within a 
range of rather less than one octave, extending from a frequency of about 395 
billions per second ‘at the extreme red to about 757 billions at ‘the extreme violet 
end of the visible spectrum. The ultra-violet waves in the spectrum of sunlight 
extend through rather more than half an octave. Although mainly revealed by 
their chemical effects, they are not altogether invisible: their colour is bluish-grey. 
The only optical—that is, strictly phystcal—difference between the several ether- 
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waves in the visible and invisible spectrum is frequency of undulation, or, otherwise 
expressed, a difference in wave-length. The chromatic—that is, the colour-produc- 
ing—effects of the ether-waves depend on their power of exciting sensations of 
colour, which vary with their frequency of undulation. 

Although the retina is extremely sensitive to differences in the frequency of 
ether-waves, it is not equally so for all parts of the spectrum. In the red and blue 
portions, the frequency varies considerably without producing marked difference 
of colour effect, but in the region of yellow and green, comparatively slight varia- 
tions in frequency produce appreciable differences of colour sensation, One striking 
difference between the effect of ether-wayves on the eye and sound-waves on the ear 
is the absence of anytbing corresponding to the octave of tone sensation. The 
ether-waves in the ultra-violet, which have twice the frequency of those of the red 
end of the spectrum, give rise to no sense of redness, but merely that of a bluish- 
grey. Even within the octave there are no harmonies or discords of colour sense 
corresponding to those of tone sensation. 

Colours are commonly defined by three qualities or constants—hue, purity, and 
brightness. Their hue depends upon the chromatic effect of frequency of undulation 
or wave length. Their ae or saturation depends on freedom from admixture 
with sensations produced by other colours or by white light. Their brightness or 
luminosity depends on the degree to which the sensory mechanism is stimulated. 
The loudness of sound depends on the amount of excitement produced in the 
auditory mechanism by the amplitude of sound waves; but a sound with small 
amplitude of undulation may seem loud when the nerve apparatus is unduly 
sensitive. The brightest colour of the spectrum is orange-yellow, but it does not 
follow that the amplitude or energy of the ether-waves is greater than in the 
region of dull red. There is no physical evidence of greater amplitude in the 
orange-yellow, and its greater luminosity is no doubt purely subjective, and arises 
from the greater commotion induced in the sensory mechanism. 

The theory of colour sense long ago proposed by Sir Isaac Newton ? is now 
commonly treated with what seems to me very undeserved neglect. Newton 
supposed that the rays of light induce vibrations in the retina which are trans- 
mitted by its nerve to the sensorium, and there induce different colour sensations 
according to the length of the incoming vibrations—the longest producing sensa- 
tions of red and yellow, the shortest blue and violet, those of medium length a 
sense of green, and a mixture of them all giving a sense of whiteness. At the 
beginning of this century Thomas Young proposed a theory which seems to have 
been intended as a modification of that suggested by Newton rather than asa 
substitute for it. Young supposed that the ether-waves induce vibrations in the 
retina ‘ whose frequency must depend on the constitution of its substance; but as 
it is almost impossible to conceive that each sensitive point of the retina contains 
an infinite number of particles, each capable of vibrating in unison with every 
possible undulation, it becomes necessary to suppose the number limited to three 
primary colours, red, yellow, and blue, and that each sensitive filament of the 
nerve may consist of three portions, one for each principal colour.’ Soon after- 
wards he substituted green for yellow, and violet tor blue, so that he came to 
regard red, green, and violet as the three fundamental colour sensations, by mixture 
of which in varying proportions all other colours, including white, are produced. 
Young believed that his suggestion ‘simplified the theory of colours, and might 
therefore be adopted with advantage until found inconsistent with any of the 
phenomena.’ 

Young’s trichromic theory of colour sense was adopted by Clerk-Maxwell, and 
Von Helmholtz amplified the ‘ three portions’ supposed by Young to exist in ‘each 
sensitive filament of the nerve’ into three distinct terminals, each having its 
own nerve fibre. He supposed that each terminal contains a different visual 
substance capable of being decomposed by light; that when the substance in 
the red nerve terminal undergoes chemical change its nerve fibre is stimulated, 

? See quotations from Newton hy Thomas Young, ‘On the Theory of Light and 
Colours,’ Phil. Trans, Lond., 1802. 

2 Ibid., p. 12. 
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and the excitement travels to a cell in the brain by whose specific activity the 
sensation of red arises. In like manner, when the visual substances in the green 
and violet terminals are decomposed, nerve impulses travel through different 
fibres to different cells in the vision centre, by whose specific activities the 
sensations of green and violet arise. With Helmholtz there was no question 
as to difference in quality of sensation depending on difference in frequency of 
nerve vibration arriving in the sensorium; no such hypothesis was entertained by 
him either for tone or for colour sensation. With sight, as with hearing, he 
supposed that the function of frequency of undulation virtually stops at the nerve 
terminals in the eye and ear, and that the frequency of undulation of the physical 
agent has no correlative in the quality of motion passing from the receiving ter- 
minal to the sensory cell. He believes that the different trequencies of ether-waves 
simply excite chemical changes in different nerve terminals. He expressly states * 
that the molecular commotion in the nerve fibres for red, green, and violet is 
identical in kind, and that its different effects depend on the specific activities of 
the different cells to which it passes in the sensorium. It is evident that Helmholtz 
entirely dismissed the Newtonian theory of the production of different qualities of 
colour sense, and substituted for it the doctrine of his own great teacher, Johannes 
Miiller. 

The theory of Young and Helmholtz offers an explanation of so many facts, 
and has at the same time provoked so much criticism, that I must enter more 
fully into some of its details. On this theory, the sense of white or grey is sup- 
posed to result from a simultaneous and duly balanced stimulation of the red, green, 
and violet terminals. The red terminals are supposed to be excited chiefly by the 
longer waves in the region of the red, orange, and yellow, but also by the shorter 
undulations extending as far as Fraunhofer’s line F at the beginning of the blue. 
Yn like manner, the green terminals are excited chiefly hy the waves of medium 
length, and to a less extent by the waves extending to about C in the red, and by 
the shorter waves extending to G in the violet. The violet terminals are stimulated 
most powerfully by the shorter undulations between F and G, but also by the 
longer ones reaching as far as D in the yellow; therefore, optically homogeneous 
light from any part of the spectrum, except its extreme ends, does not usually 
give rise to a pure colour sensation; all three primary sensations are present, and 
consequently the colour inclines towards white—the more, the stronger the light. 

The experimental facts in support of Yourg’s theory are familiar to all who 
have studied physics, Compound colour sensations may be produced by causing 
light of different wave leneths to fall simultaneously or in rapid succession on the 
same part of the retina. The commonest experimental device is to rapidly whirl 
discs with sectors of different colours, and observe the results of the mixed sen- 
sations ; or to cause the images of coloured wafers or papers to fall simultaneously 
on the retina by Lambert’s method ; or to transmit light through glass of different 
colours, and cause the different rays to fall on the same surface; or to mix pure 
homogeneous light from different parts of the spectrum. For obvious reasons, the 
last method yields the most trustworthy results. We cannot, by any mixture of 
homogeneous light from different parts of the spectrum, obtain a pure red or green 
sensation, and, according to Helmholtz, the same holds true of violet. On the 
other hand, a mixture of homogeneous rays from the red and green parts produces 
orange or yellow, according to the proportions employed. A mixture of rays 
from the green and violet gives rise to intermediate tints of blue, and a mixture 
of red and violet light produces purple. Therefore, Young regarded red, green, 
and violet as primary sensations, and orange, yellow, and blue—just as much as 
yurple—he regarded as secondary or compound sensations. Grassmann discovered 
that to obtain 2 sense of white or grey it is not necessary to mingle rays from the 
red, green, and violet portions of the spectrum. He found that he could obtain a 
white sensation by mixing only two optically homogeneous rays from several parts 
of the right and left sides of the spectrum. The pairs of spectral colours which 
he found complementary to each other are red and greenish-blue, orange and 


1 Von Helmholtz, Handbuch der physiologischen Optik, 2nd edition, 1892, p. 350. 
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cyan-blue, yellow and ultramarine-blue, greenish-yellow and violet, the comple- 
ment for pure green being found not in any homogeneous light, but in purple—a 
mixture of red and violet. The complementary colours may be arranged in a 
circle, with the complementaries in each pair placed opposite one another. Of 
course, the circle cannot be completed by the colours of the spectrum; purple 
must be added to fill in the gap between the red and violet. Helmholtz found no 
constant ratios between the wave lengths of homogeneous complementaries ; and it 
is a striking fact that, while a mixture of the green and red, or of the green and 
violet, undulations gives rise to a sensation such as could be produced by rays of 
intermediate wave length, no such effect follows the mingling of rays from oppo- 
site sides of the spectrum. Pure green, with a wave length of 527 millionths of 
a millimetre, marks the division between the right and left sides. The mixture 
of blue from the one and yellow from the other side does not produce the inter- 
mediate green, but a sensation of white. A mixture of blue or violet and red 
produces not green, but its complementary—purple. On the trichromic theory, 
the sense of white produced by the mingling of any of these two colours is simply 
regarded as the result of a balanced stimulation of the red, green, and violet terminals. 

But the anatomical form given by Helmholtz to Young’s theory of primary 
colour sensations is beset with serious difficulties. It implies the existence of 
three sets of terminals ia the retina, and these must all be found in the central 
part of the yellow spot where cones alone are present. Three sets of cones there 
would be necessary to respond to the red, green, and violet light, and a colourless 
pencil of light could not be seen uncoloured, unless it fall on three cones, which 
we know is not the case. Therefore, if there are three different terminals, they 
must, in the human retina at all events. be found in every single cone in the 
yellow spot. Ina single cone there might be three sets of fibrils capable of simul- 
taneous stimulation in different degrees, but it seems impossible to suppose that the 
different vibrations started in the same terminal could be kept discrete, and be 
transmitted to the brain through three different fibres in the optic nerve, even if 
the nerve contained a sufficient number of fibres for the purpose, which we know is 
not the case. 

The phenomena of colour-blindness also offer great difficulty. In several cases 
of apoplectic seizure it has happened that the centre for vision on both sides of 
the brain has been completely or partially paralysed by the extrayasated blood. 
In such cases the sense of colour may be entirely lost either for a time or per- 
manently, while the sense of light and form remain, although impaired. The 
loss of colour sense in some cases has been found complete in both eyes; in most 
of the recorded cases the loss of colour sense was limited to the right or left halves 
of both eyes ; that is, if the lesion affected the vision centre on the right side of the 
brain, the right halves of both eyes were blind to all colours. That illustrates the 
well-known fact that a sense of light does not necessarily imply a sense of colour. 
The colour sense probably involves a more highly refined action of the sensory cell 
than the mere sense of light and form, and is on that account more liable to be 
lost when the nutrition of the sensory cell is interfered with, In the normal 
eye the peripheral zone of the retina is totally blind to colour. If you turn the 
right eye outwards, close the left, and then move a strip of coloured paper from 
the left to the right in front of the nose, the image of the paper will first fall on 
the peripheral zone of the retina, and its form will be seen, though indistinctly, 
but not its colour. It is difficult to say in that case whether the colour-blindness 
is due to the state of the retina or to that portion of the vision centre in the brain 
associated with it. The absence of cones from the peripheral part of the retina 
has been assigned as the cause, but it is much more probable that the portion of 
the vision centre associated with the periphery of the retina, being comparatively 
little used, is less highly developed for form sensation, and not at all for colour 
sense. It is evident that the production of a sense of white or grey in the absence 
of all colour sense is not to be explained on the theory that it results from a 
balanced stimulation of red, green, and violet nerve terminals. 

I need scarcely say that colour-blindness has attracted a large share of atten- 
tion, not only because of its scientific interest, but still more on account of its 


TRANSACTIONS OF SECTION D. 735 


' practical importance in relation to the correct observation of coloured signals. In 
1855 the late Professor George Wilson,! of this city, called attention to the grow- 
ing importance of the subject. Some years ago Professor Holmgren made an 
elaborate statistical inquiry regarding it at the instance of the Swedish Govern- 

- ment, and lately it has been investigated by a committee of the Royal Society 

of London, who have quite recently published their report.” 

Although colour-blindness occasionally results from disease of the brain, retina, 
or optic nerve, it is usually congenital. Total colour-blindness is extremely rare, 
but partial colour-blindness is not uncommon, It occurs in about 4 per cent. of 
males, but in less than 1 per 1,000 of females. Its most common form is termed 
red-green blindness, in which red and green sensations appear to be absent. So 
far as I can find, the first full and reliable account of the state of vision in red- 
green blindness is.that given in 1859 by Mr. Pole,’ of London, from an examination 
of his own case, which appears to be a typical one. The state of his vision is 
dichromic ; his two-colour sensations are yellow and blue. The red, orange, 
and yellowish-green parts of the spectrum appear to him yellow of different 
shades. Greenish-blue and violet appear blue, and between the yellow and 
blue portions of the spectrum, as it appears to him, there is a colourless grey 
band in the position of the full green of the ordinary spectrum. This neutral band 
is seen in the spectrum in all cases of dichromic vision. It may appear white or 
grey according to the intensity of the light, and it apparently results from an 
equilibrium of the two sensations: no such band is seen in the spectrum by a 
normal eye. Mr. Pole, in the account of his case given now three and thirty years 
ago, considered it impossible.to explain his dichromic vision on the commonly 
received theory that his sense of red is alone defective, and that his sense of yellow 
is a compound of blue and green. He believed his green quite as defective as his 
red sensation, and that yellow and blue are quite asmuch entitled to be considered 
fundamental sensations as red and green. He suggested that in normal colour 
vision there are at least four primary sensations—red and green, yellow and blue. 
Professor Hering is commonly accredited with the four-colour theory, but it was 
previously suggested by Pole.* 

A year after Pole’s paper appeared, Clerk-Maxwell® published his celebrated 
paper on the theory of compound colours, to which he appended an account of his 
observations on a case of what he believed to be red-blindness, but which we now 
know must have been red-green blindness. The spectrum appeared dichromic, 
its only colours being: yellow and blue. His description of the case does not 
materially differ from that»given by Pole; but Clerk-Maxwell believed in the tri- 
chromic. theory of normal vision, and that red-green and blue are the three 
primary sensations ; consequently he supposed that the yellow sensation of a red 
blind person is not yellow; but green. 

It is evident that much depends on the question, Is the yellow sensation of @ 
red-green blind person the same as that of normal vision? _ For many years it was 
impossible to give a definite answer to that question, but the answer can now be 
given, as we shall immediately see. Colour-blindness is frequently hereditary, and 
two or three cases are known in-which the defective colour sense was limited to 
one eye, while in the other eye colour vision was normal. . In such a.case observed 
by Professor Hippel, of Giessen; there was red-green blindness in one eye. Holm~ 
gren, who examined Hippel’s case, has published an account of it.? With one eye 
all the colours of the spectrum were seen, but to the other eye the spectrum had 
only two colours with a narrow grey band between them at the junction of the 
blue and yellow. The yellow seen by the eye with the red-green defect had a 


1 Wilson, Researches on Colour-blindness, Edinburgh, 1855. 

2 «Report of the Committee on Colour Vision,’ Proc. Roy. Soc. Lond., July 1892.. 

3 W. Pole, ‘On Colour-blindness,’ Phil. Trans., 1859, vol. cxlix. p. 323. 
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greenish tinge like that of a lemon, but in other respects the observations con- 
firmed Pole’s account of his own case. 

Hippel’s case seems to me important for another reason. By some it is believed 
that congenital colour defect is due to the brain. If there had been defective 
colour sense on one side of the brain, it would not have implicated the whole of 
one eye, but the half of each eye. Its limitation to one eye, therefore, seems to 
rae to suggest that the fault was in the eye rather than in the brain. 

Another interesting fact in this relation is that in every normal eye, just be- 
hind the peripheral zone of total colour-blindness, to which I have already referred, 
there is a narrow zone in which red and green sensations are entirely wanting, 
while blue and yellow sensations are normal. Possibly the red-green defect is 
due to an imperfectly developed colour sense in the portion of the vision centre 
connected with that zone of the retina, but Hippel’s case seems to me to show 
that such defect might be in the retina. 

It has probably already struck you that red-green blindness is really blindness 
to red, green, and violet, that Young’s three primary sensations appear to be 
absent, and the two remaining colours are those which he regarded as secondary 
compounds of his primaries. 

That, however, is not all that is revealed by colour-blindness. There is at least 
another well-known though rare form in which a sense of yellow, blue, and violet 
is absent, and the only colour sensations present are red and green. The defect is 
sometimes termed violet blindness, but the term is somewhat misleading. It is 
much more in accordance with the fact to term it yellow-blue blindness ; indeed, 
we would define it precisely by terming it yellow-blue-violet blindness. Holmgren * 
has recorded a unilateral case of that defect analogous to Hippel’s case of uni- 
lateral red-green defect ; we therefore know definitely how the spectrum appears to 
such a person. In the case referred to all the colours of the spectrum were seen 
with the normal eye, but to the other eye the spectrum had only two colours, red 
and green. The red colour extended over the whole left side of the spectrum to a 
neutral band in the yellow-green, a little to the right of Fraunhofer’s line p. AIL 
the right side of the spectrum was green as far as the beginning of the violet, 
where it ‘ended with a sharp limit (about the line 6).’ 

If you turn to the Report of the Royal Society’s Committee? on colour 
vision, you will find the spectrum as it appears to yellow-blue-violet blind per- 
sons. ‘The plate agrees with the description of Holmgren’s case already given; 
but you will not find a representation of the spectrum as it appears to those 
who are red-green blind, and as described by Pole and others. In place of 
it you will find two dichromic spectra, one with a red and blue half, said to be 
seen by a green blind, the other with a green and a blue half, said to be seen 
by ared blind person. We have copied the spectra for your inspection, and you 
will observe that yellow does not appear in either of them. I do not for a 
moment pretend to criticise these spectra from any observations of my own; I am 
aware Holmgren maintains that red-and-green blindness may occur separately ; 
but, on the other hand, Hering and Stilling have maintained that they are always 
associated, and Dr. George Berry, an eminent ophthalmologist, has assured me, from 
his own observations, that such is the case. 

Of the various methods of testing colour vision, that suggested by Seebeck is 
most commonly employed. The individual is mainly tested with regard to his 
sense of green and red. He is shown skeins of wool, one pale green, another pink 
or purple, and a third bright red, and he is asked to select from a heap of coloured 
wools, laid on a white cloth, the colours that appear to him to match those of the 
several tests. We have arranged such test skeins for your inspection, and have 
placed beneath each of them the colours which a red-green blind person usually 
selects as having hues similar to those of the test. It is startling enough to find 
brown, orange, green, and grey confused with bright red; pale red, orange, yellow, 
and grey confused with green; blue, violet, and green confused with pink; but 


1 <How do the Colour-blind See the different Colours?’ Proc. Roy. Sve. Lond., 
1881, vol. xxxi. p. 306. 
2 Report on Colour Vision, Zid. cit., plate i. No. 4. 
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these confusions have al their explanation in the fact that the red-green blind 
have only two colour sensations—yellow and blue—with a grey band in what 
should have been the green part of his spectrum. 

We have now to show you another and far more beautiful method of ascer- 
taining what fundamental colour sensations are absent in the colour-blind. It is 
the method of testing them by what Chevreul long ago termed stmultaneous contrast. 
If in a semi-darkened room we throw a beam of coloured light on a white 
screen and interpose an opaque object in its path, the shadow shows the comple- 
mentary colour. If the light be red, the shadow appears green-blue; if it be green, 
the shadow appears purple or red according to the nature of the green light em- 
ployed. If the light is yellow, the shadow is blue; if it is blue, the shadow is 
yellow. We must remember that the part of the screen on which the shadow falls 
13 not entirely dark; a little diffuse light falls on the retina from the shadowed 
part, so that the retina and vision centre are slightly stimulated, where the 
image of the shadow falls. We use an oxyhydrogen lantern and transmit the light 
through plates of coloured glass carefully selected. 

The experiment is rendered still more striking, though at the same time a 
little more complicated, by using two oxyhydrogen lamps and throwing their light 
on the same portion of the screen. Ifa plate of coloured—say ruby—glass is held 
before one of the lamps, and an opaque object such as the head of a 'I-square is 
placed in the path of both lights, the shadow cast by the white light falls ona 
surface illuminated by a red light, and shows a deep red far more saturated than 
the surrounding surface of the screen where the red and white lights fall. The 
shadow cast by the red light shows the complementary bluish green ; and the con- 
trast of the two is exceedingly striking. When we use a plate of pure green glass, 
the shadow showing the inducing colour is a saturated green, the other shows the 
complementary purple. With yellow glass one shadow is deep yellow, the other 
pale blue. With blue glass one shadow is saturated blue, the other pale yellow. 
With pink glass the complementary yreen is deeper than the shadow showing the 
inducing pink, and is on that account very striking. 

These experiments which we have shown you point to some subtle physiological 
relations between complementary colours. A colour sensation produced in one 
part of the vision apparatus forces, so to speak, the neighbouring part, which is 
relatively quiescent, to produce the complementary colour subjectively. I 
say vision-centre rather than retina, because, if one eye is illuminated with 
coloured light while the other eye is feebly illuminated with white light, the com- 
plementary colour appears in the centre belonging to that eye. The sense of white 
appears to be a mysterious unity; if you objectively call up one part of the sensa- 
tion, you call up its counterpart subjectively. If a colour and its complementary 
counterpart be both displayed objectively at the same time, the action and reaction 
of effect afford a sensation far more agreeable than is producible by the objective 
display of only one of them. ‘The agreeableness of the contrast of complementary 
colours, no doubt, springs from the harmony of effect. There is no harmony of 
colour effect analogous to that of music, but there is harmony of a different kind, 
and that harmony is formed by the contrast of complementary colours. 

Now I imagine many of you have already anticipated the question, What infor- 
mation can simultaneous contrast give regarding the fundamental sensations of 
the colour-blind ? From an extended series of observations Dr. Stilling,’ of 
Cassel, has ascertained that if a person cannot distinguish between red and green, 
no complementary colour appears in the shadow when the inducing light is red or 
green, but if the inducing light is yellow or blue the proper complementary appears 
in the shadow. If a person was blind to red, he never found the complementary 
green appear; if he was blind to green, he never found the complementary red 
appear. When the inducing light appeared colourless, the shadow was also 
colourless. Stilling therefore concluded that either the sensations of red and green 
or of blue and yellow were wanting at the same time or all colour sense was absent. 


1 J. Stilling, ‘The Present Aspect of the Colour Question,’ Archives of Ophthal- 
mology, 1879, viii. p. 164. 
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It is difficult to see how these results are to be harmonised with the conclusions 
arrived at by the Committee of the Royal Society. 

Facts such as these are regarded by some as lending support to the theory of 
colour sense proposed by Protessor Hering, of Prague.' He supposes that the 
diversity of our visual perceptions arises from six fundamental sensations consti- 
tuting three pairs—white and biack, red and green, yellow and blue. The three 
pairs of sensations are supposed to arise from chemical changes in three visual 
substances not confined to the retina, but contained also in the optic nerve and in 
the vision centre.* He imagines that a sense of white results from decomposition 
induced in a special visual substance by all visible rays, and that the restituteon of 
the same substance produces a sense of black. The sensations of the red and 
green pair are supposed to arise, the one from decomposition, the other from 
restitution of a second substance; while yellow and blue are supposed to result 
from decomposition and restitution of a third substance. From our knowledge of 
photo-chemical provesses we can readily suppose that light induces chemical change 
in the visual apparatus; but that the wave-lengths in the red and yellow parts of 
the spectrum induce decomposition, while the wave-lengths in the green and blue 
induce restitution of substances, it is difficult to believe. How such a visual 
mechanism could work it would be difficult to comprehend ; for example, if we 
look at a bright red light for a few moments and then close our eyes, the sensation 
remains for a time, but changes from red to green and then slowly fades away. 
According to Hering’s theory, the green after-sensation results from the restitution 
of a substance decomposed by the red light. But if we reverse the experiment by 
looking at a bright green light and then closing our eyes, the after-sensation 
changes to red. The theory in question would require us to suppose that the green 
light builds up a visual substance which spontaneously decomposes when the eyes 
are closed, and so produces the red after-image. I’confess that such an hypothesis 
seems to me incredible. Another remarkable feature of Hering’s theory is that 
colours termed complementary ought to be termed antagonistic,’ because they are 
capable of producing a colourless sensation when mingled in due proportions. If 
the complementary colours yellow and blue could, when mixed, produce black, 
they might well be named ‘antagonistic’; but since their combined effect is a sense 
of whiteness, and since the addition of them to white licht increases its luminosity, 
it seems very difficult to comprehend on what ground the term antagonistic should 
be substituted for complementary. I confess Iam quite unable to follow Hering 
when he supposes that three pairs of mutually antagonistic chemical processes are 
produced in the retina when white light falls on it, that these processes are all 
continued on through the optic nerve into the vision centre, and there give rise to 
our different light and colour sensations. 

In 1881 Professor Preyer contributed an important paper on colour sense,‘ in 
which he supported Young’s theory of primary colour sensations, but assuming 
their number to be four instead of three. Believing with Schultze that the cones 
are the only terminals in the retina concerned in colour sense, Preyer supposes 
there are four sets of cones containing different photo-chemical substances which 
are severally affected by undulations in the red, yellow, green, and blue parts of 
the spectrum. But since it has been calculated that the cones are thrice as 
numerous as the fibres of the optic nerve, Preyer has endeavoured to bring the 
Helmholtz amplification of Young’s theory within the range of anatomical possi- 
bility by supposing that the four sets of cones are arranged in pairs, each pair 
being connected with one nerve fibre. This hypothesis, however, could not meet 
the case, even if cones were the only visual terminals. The rods are far more 
numerous than the cones; therefore, although it is probable that in the yellow spot 
each nerve fibre is connected with only one or two cones, elsewhere in the retina 


' HE. Hering, Zur Lehre vom Lichtsinne, 2nd ed. Vienna, 1878. 

2 Hering, ibid., p. 75. 

% Hering, tbid., p. 121. 

4 W. Preyer, ‘Uber den Farben und Temperatur Sinn, mit besonderer Riick- 
sicht auf Farbenblindheit,’ Archiv fiir Physiologie, 1881, vol. xxv. p. 31. 
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each fibre must be connected with several terminals, the number increasing more 
and more towards the periphery of the retina, where the power of perceiving a 
double impression is far less than at the yellow spot. Preyer supposes that the 
pairs of cones are in two sets mingled together ; the pairs of one set being for the 
reception of red and green stimulation, the other for yellow and blue. The part 
of Preyer's theory that appears to me attractive is that the photo-chemical changes 
induced in the several terminals cause vibrations to be transmitted through the 
nerve whose frequency must be far less than that of the undulations of the ether, 
and their wave-length consequently far greater, but ‘the ratios of the wave-lengths 
of the ether and nerve vibrations probably remaining almost unchanged.’! If 
Preyer had only gone a step further and supposed that different colour sensations 
are producible in the same cells by different frequencies of vibrations entering the 
sensorium through the same nerve fibres, I would gladly have assented to a theory 
which would have been essentially a return to that of Newton; but my learned 
friend still strives to account for different colour sensations on the doctrine of 
specific activities, and to support the idea that different visual substances are 
located in different optic terminals. He supposes that when the cones of the red- 
green pair are simultaneously stimulated, vibrations of different frequencies are 
transmitted to a ganglion cell in the retina, and thence to a fibre of the optic 
nerve, but not stmultaneously. Ile does not entertain the idea that the two sets of 
vibrations are compounded, and so transmitted by the fibre; on the contrary, he 
believes that ‘one and the 8ame nerve fibre cannot be stimulated in a double 
manner at the same moment,’ and therefore, to explain the transmission of vibra- 
tions of two frequencies by the same fibre, he supposes that, there must be a rapidly 
alternating transmission of tie two sets of vibrations. I feel unable to assent to 
that idea, for it appears to me that if an undulatory theory is applicable to nerve 
action, we must believe that simple pendular vibrations of different frequencies can 
be compounded. Nor doI feel able to assent to Professor Preyer’s theory of the 
production of two qualities of sensation—say red and green—by vibrations trans- 
mitted through the same fibre. Reduced to the simplest expression, his theory is, 
that the fibre eventually ends in two sensory cells of specifically different activities, 
one producing a red, the other a green sensation; that these two cells are affected 
sympathetically by vibrations of different frequencies—the red cell by vibrations of 
the frequency transmitted from the red cone, the green by those of the frequency 
transmitted from the green cone. It seems to me far simpler to suppose that the 
vibrations produced by chemical change in visual substances in the retina may be 
transmitted either as simple or compound vibrations simultaneously by the same 
nerve fibres, and produce different sensations in the same cells, according to 
frequency and complexity of the incoming vibrations. 

Tt seems to me that the difficulty of this question is much increased by attempt- 
ing to show that different cones are concerned in the reception of different colour 
impressions. In support of such a view, the fact is adduced that, in birds and 
some reptiles, each cone contains an oil globule of a red or orange colour in some 
cones, and of a yellow or ‘greenish-yellow in others. The coloured spheroid is 
placed in the outer part of the inner segment immediately internal to the outer 
segment, and must exercise a selective absorption on the light passing to the outer 
segment. The presence of these coloured spheroids is remarkable, but we know as 
little regarding their physiological significance as we do regarding that of the 
yellow pigment in the internal layers of the retina at the yellow spot in 
our own eyes, through which all the light must pass ere it can reach the 
inner segments of the cones in that portion of the retina. All the cones 
in the human eye, as in that of all mammals, are colourless, and it involves serious 
difficulty if we suppose that different cones are affected by red, green, yellow, and 
blue light. The image of a coloured star, small enough to fall on only one cone, 
can be seen of a fixed and definite colour, that does not alter when the position of 
the eye is changed, and the image shifted from one cone to another in the yellow 
spot. That fact alone seems to me sufficient to show the necessity for supposing 
that each cone is capable of stimulation by all visible undulations of light, and of 


1 Preyer, thid., p. 98. 
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transmitting such nerve vibrations as are capable of inducing all the colour 
sensations. 

It further appears to me that the difficulty of the case is increased by attempt- 
ing to show that cones are the only optic terminals concerned in colour impressions, 
while the rods minister only to a sense of light. It is true that cones are relatively 
few in number, or may indeed be absent from the retina of nocturnal animals, such 
as night-flying owls and bats, but that cannot be regarded as proof that the rods 
are not concerned in colour sense. Rods are much more numerous than cones 
everywhere in the human retina, save at the yellow spot. Throughout the greater 
part of the retina the cones occur singly, surrounded by numerous rods. Yet when 
the image of a coloured star, small enough for the area of a single cone, is made to 
fall on parts of the retina peripheral to the yellow spot, its colour does not dis- 
appear, and reappear when the eye is moved, as would inevitably happen if the 
rods were not terminals concerned, as well as the cones, in colour sense. 

It must be admitted that the production of nerve impulses within the terminals 
in the retina is almost as obscure as ever. It is still the old question, Does light 
stimulate the optic terminals by inducing vibration, or by setting up chemicat 
change? Whichever view we adopt, it seems to me necessary to suppose that al} 
the processes for the production of nerve impulses can take place in one and the 
same visual cell, and are transmitted to the brain through the same nerve fibre. 

I referred to the sense of smell because it seems to me that we cannot in that 
case escape from the conclusion that the different sensations arise from different 
molecular stimulations of the same olfactory terminals. 

From Lippmann’s recent researches on the photography of colour! it appears 
that ell parts of the spectrum can now ke photographed on films of albumino- 
bromide of silver to which two aniline substances, azaline and cyanine, have been 
added. It seems, therefore, reasonable to suppose that a relatively small number 
of substances could enable all the rays of the visible spectrum to affect the retina. 
Helmholtz believes that three visual substances would suffice; but if the primary 
sensations are to be regarded as four—red, green, yellow, and blue—at least four 
visual substances appear to be necessary ; and [ think we must assume that all of 
them are to be found in the same visual cell in the retina, and that the nerve 
impulses which their decompositions give rise to are all transmitted through the 
same optic fibres to the brain cells, there to produce a sense of uncoloured or 
coloured light. Evidently such an hypothesis is not altogether novel; it is essen- 
tially a return to that long ago suggested by Newton. The only difference is that 
light is supposed to induce photo-chemical changes in the retina, as Von Helmholtz 
suggested, instead of mere mechanical vibration, as Newton supposed. But if in 
the sense of smell nerve undulations are induced by mechanical vibrations of mole- 
cules acting on delicate hairs at the ends of cells, is it, after all, so very unreasonable 
to suppose that within each visual cell there may be different kinds of molecules that 
vibrate in different modes when excited by ether waves? Four or five sets of 
such molecules in each terminal element in the retina would probably be sufficient to 
project successively or simultaneously special forms of undulations through the optic 
nerve, to induce colour sensations differing according to the wave form of the incoming 
nerve undulation. 

The photo-chemical hypothesis has much in its favour, We know how 
rapidly light can induce chemical change in photographic films, and we know 
that light induces chemical change in the vision-purple in the outer segments of 
the rod cells in the retina. The fact that the cones contain no vision-purple 
is no argument against the theory, for the inner segment of both rod and cone 
is by many regarded as the true nerve terminal, and there is no vision-purple 
in either of them. The visual substances in the cones, at all events, are colour- 
less, and the existence of them as substances capable of producing nerve impulses 
by chemical decomposition is as yet only a speculation awaiting proof. The 
fatigue of the retina produced by bright light is best explained on a chemical 


1 G. Lippmann, ‘On the Photography of Colour,’ Comptes Rendus, 1892, tome cxiv. 
p. 961, 
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theory, but it could also be explained on a mechanical theory, for we must remem- 
ber that, even if the nerve impulses produced in the visual cells were merely a 
translation of the energy of light into vibration of nerve molecules, the nerve 
impulse has to pass through layers of ganglionic cells before reaching the fibres of 
the optic nerve, and in these cells it probably always induces chemical change. 
The phenomena of partial colour-blindness could be explained on a photo-chemical 
theory by supposing that it arises from the absence of the substances required to 
produce the wave forms necessary for the colour sensation which is defective, but 
the total colour-blindness at the anterior part of the retina is evidently a difficulty. 
How could we have a sense of light from that portion of the retina if all the visual 
substances are absent? That is one of the reasons why Hering supposed that a 
special visual substance is present everywhere in the retina, which by decomposition 
gives rise to a sense of light as distinguished from colour. But even on the hypo- 
thesis we are pursuing, it is not necessary to suppose that all visual substance is 
absent, for the colour-blindness in the front of the retina could be explained by 
supposing that colour perception has not been developed in the corresponding 
portion of the vision centre, and consequently all nerve impulses coming from that 
art of the retina produce scarcely anything more than a sense of light. 

If the photo-chemical theory is entertained, it seems necessary to suppose that 
there is some singular relation between the pairs of substances which respectively 
give rise to red and green, and yellow and blue, seeing that both members of a 
pair frequently, if not always, fail together. 

It seems to me that the great difficulty arises when we consider the puzzling 
phenomena of contrast. If light of a particular wave length decomposes a special 
substance, and gives rise to, say, a sense of red, why does the complementary 
bluish-green sensation appear in the remainder of the vision centre? If the induced 
colour were a pure green, one might attempt to explain it by supposing that a 
sympathetic change had been induced in a substance closely related to that suffer- 
ing decomposition by the objective light, but no such simple explanation is 
admissible ; the complementary contrast of red is not green, but a mixture of 
green and blue. The inadmissibility of such an explanation becomes still more 
apparent if we take pure green as the inducing colour—the complementary con- 
trast that appears is purple, which involves a blue or violet, as well as a red 
sensation. It matters not what inducing colour sensation we employ, the induced 
contrast is always the complementary required to produce a sense of white. 
George Wilson! long ago suggested that simultaneous contrast probably arises 
from a ‘polar manifestation of force’; indeed, he regarded it as a ‘ true, though 
unrecognised, manifestation of polarity.’ It is enough to mention that interesting 
suggestion, but I must not pursue it, for we are dealing with a problem that has as 
yet baffled the wit of man. 

I have placed before you a subject that involves physical and physiological 
considerations of extreme difficulty. I have endeavoured to show the nature of 
these difficulties, and although I have not attempted to solve them all, I have at 
all events sought to show reasons why we should refer our different colour sensa- 
tions to differences in the nerve vibrations transmitted from the optic terminals 
rather than to specifically different activities of cells in the vision centre. Although 
I have no hesitation in adopting a tetrachromic in place of a trichromic theory of 
normal vision, I am unable to relinquish the essential part of Young’s theory—that 
there is a relatively small number of primary colour sensations. To abandon thet 
idea entirely, as Krenckel and Berry ? have done, is to return to the Newtonian 
theory, the difficulties of which none knew better than Thomas Young. [I have not 
found it an agreeable task to point out the shortcomings of some theories advanced 
by those for whom I have the deepest regard; but in the progress of scientific 
thought it is especially necessary to keep our minds free from the thraldom of 


1 Wilson, Researches on Colour-blindness, Edinburgh, 1855, p. 179. 

2 G. Berry, ‘Examination of Cases of Colour-blindness,’ Edin. Med. Jour., Oct. 
1879, and ‘Critical Remarks on the Theories of Fundamental Colour Sensations,’ 
London Ophthalmic Hospital Reports, 1890-91. 
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established theory, for theories are but the leaves of the tree of science; they bud 
and expand, and in time they fade and fall, but they enable the tree to breathe 
and live. If this address has been full of speculation, I trust you will allow that 
the scientific use of the imagination is a necessary stimulus to thought, by which 
alone we can break a path through the dense thicket of the unknown that sur- 
rounds us. 


The following Reports and Papers were read :— 


1. Fifth Report of the Committee on the Present State of our Knowledge of 
the Zoology and Botany of the West India Islands, and on taking steps 
to investigate ascertained Deficiencies in the Fauna and Flora.—See 
Reports, p. 353. 


2. Report of the Committee for carrying on a definite piece of Work at the 
Zoological Statiun at Naples.—See Reports, p. 344. 


3. Draft of Report of the Committee on the Present State of our Knowledge 
of the Zoology of the Sandwich Islands.—See Reports, p. 355. 


4. Fifth Report of the Committee appointed for the purpose of taking steps 
Jor the establishment of a Botanical Laboratory at Peradeniya, Ceylon.— 
See Reports, p. 363. be usaibad 

5. Report of a Committee on the Migration of Birds at Lighthouses and 
Light-vessels.—See Reports, p. 366. 


(=P) 


. Report of the Committee appointed for the purpose of arranging for the 
occupation of a Table at the Laboratory of the Marine Biological Asso- 
ciation at Plymouth.—See Reports, p. 356. 


7. Report of the Committee for Improving and Experimenting with a Deep- 
sea Tow-net, for opening and closing under water.—See Reports, p. 366, 


8. Report of the Committee appointed to consider proposals for the Legisla- 
tive Protection of Wild-birds’ Eggs.—See Reports, p. 366. 


9. On the Physiology of Protoplasm. By Professor W. Preyer. 


10. On Rabl’s Doctrine of the Personality of the Segments of the Nucleus, and, 


Weismanw’s ‘Idant’ Theory of Heredity. By Professor Marcus Harroe, 
D.Sc., M.A. 


The nucleus of a cell about to divide undergoes the following changes :— 

The hyaloplasmic structures become ultimately resolved into threads of ap- 
proximately the same size. The chromatin or nuclein granules become nearly 
uniform in size, and are grouped in single file along the threads or segments which 


thus constitute the nuclear segments or chromosomes of Boveri, the ‘idants’ of 
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Weismann. The file of granules next becomes double, probably owing to their 
bipartition, and the nuclear segments widen out, as a preparation for splitting 
between the two lines of granules. The nuclear wall now disappears; the nuclear 
segments become grouped about the centre of the cell, constituting the ‘ equatorial 
plate’ of Strasburger, the ‘ monastroid’ of Flemming, and the cytoplasm shows a 
bipolar arrangement. Hach segment splits into two secondary segments, one of 
which goes to either pole of the cell, and the assemblage of these daughter seg- 
ments receiving a wall constitutes the nucleus of the daughter cell. On their way 
to the pole the daughter segments are usually A-shaped with the apex in front, 
and they frequently retain this shape for some time in the young nucleus, giving 
it a polar or monaxial structure. Rabl, who found traces of this arrangement 
persist in the ‘resting nucleus’ of the larval salamander, formed the generalisation 
that the threads formed in an old nucleus on its preparations for division are the 
same as those which constituted tt on its original formation; and that where this 
arrangement is seemingly lost in the ‘resting nucleus’ definite paths evist along 
which the errant granules return to their original stations to re-form identical 
segments. This we may term Rabl’s ‘doctrine of the personality of the nuclear 
segments,’ On the assumption of the truth of this doctrme Weismann has based 
a complex theory of heredity, fully and finally developed in his essay on Amphi- 
mixis; but despite its ingenuity it must fall if Rabl’s doctrine is not proved. But 
Rabl’s doctrine has never commanded the universal assent of histologists, and the 
author's researches have yielded additional evidence against it. He adduces the 
following arguments :— 

1. The resting nucleus, in the vast majority of cases, shows no trace of polar 
structure, but a network of protoplasm which is either impregnated with 
chromatin, or bears on its threads chromatin granules of irregular size; and this 
network, granules and all, is probably in constant motion. Such a nucleus, 
characteristic of tissue cells and most brood-mother cells, such as ovarian ova, &c., 
is sometimes found even between successive brcod divisions. Hence we infer that 
Rabl’s polar type of nucleus is characteristic not of the resting state but of the 
absence of it, the preparations for a new division supervening before the nucleus 
has as it were settled down from its constitution. 

2. In the pollen mother cells of Tradescantia spp., on their first division, the 
segments undergo changes (now first described by the author) during the recon- 
stitution of the nucleus, which give no support to Rabl’s doctrine. 

3. In the resting nucleus of the ordinary type there is no indication of a path 
by which the granules could return to their primitive position. 

4, The chromatin granules themselves should have a personality if Rabl’s 
doctrine be correct ; but in the ordinary resting nucleus they are subject to increase 
and decrease of size, probably appearance and disappearance—phenomena which 
make their personality doubtful. 

5, In certain cases of brood-cell formation, not all the segments of the equa- 
torial plate are divided between two equivalent daughter nuclei. In Hemerocallis 
fulva some segments pass laterally to form one or more lateral nuclei (Stras- 
burger). In Tradescantia some segments may be retarded, and stay in the cyto- 
plasm (as now shown by the author). On Rabl’s doctrine the personality of the 
pollen grains should be defective, with a corresponding result in the offspring; on 
‘Weismann’s theory these groups should evince increased variability, but neither 
anomaly has been observed. 

6. The nucleus of the brood-mother cell of most gametes on its first division 
presents a number of segments which is half of the number that constituted the 
nucleus on its formation. As the mitosis is often in all other respects normal, 
this process of ‘reduction’ is irreconcilable with Rabl’s doctrine, and Weismann’s 
explanations based on purely hypothetical differences from ordinary mitosis are 
inadmissible. 

7. In some cases a cell on its mitosis presents a greater number of segments 
than those which constituted its nucleus on formation. Thus in the embryo-sac 
of Liliwm the first mitosis shows twelve nuclear segments; but the second mitesis 
shows sixteen in the lower cell, while the upper repeats twelve segments. Such 
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nuclear ‘augmentation’ is as inexplicable on Rabl’s doctrine as the ‘reduction’ 
described in (6). 

The author concludes that Rabl’s doctrine of the personality of the nuclear 
segments is not itself firmly enough established to serve as the foundation of any 
wide-reaching theory. 


FRIDAY, AUGUST 5. 
The following Papers were read :— 
DEPARTMENT OF Borayy. 


1. A Proposed World’s Congress of Botanists at Chicago in 1893. 
By Dr. J. C. Arruur. 


2. Observations on Secondary Tisswes in Monocotyledons. 
By D. H. Scorr, W.A., Ph.D., F.L.8., and Grorct BREBNER. 


1. Origin of secondary tracheides in Dracena and Yucca. 

Two contradictory views have been held on this question. On the one hand 
Krabbe, Roseler, and Strasburger maintain that these elements are true tracheides, 
each arising from the elongation of a single cambial cell. On the other hand Kny, 
Mdlle. Loven, and Wieler regard them as short vessels arising by the fusion of a 
series of cambial cells. To this view one of the authors of the paper (Dr. Scott) 
formerly inclined, 

A more complete investigation has, however, shown that the appearances 
of cell-fusion are illusory, and that each tracheide develops simply by the enor- 
mous growth in length of one cell. The nucleus usually remains undivided. The 
tracheides have been observed, both in sections and in macerated preparations, at 
all stages of their growth. The definite decision of this point is of interest, as 
establishing some of the most striking instances of ‘sliding growth.’ These 
tracheides often grow to forty times their original length, and that in a region 
which, as a whole, undergoes no elongation. Thus the whole room required for 
the growth of these elements has to be provided by mutual displacement of cells. 

2. Growth in thickness of the roots of Dracena. 

When a cambium arises outside the vascular bundles it is usually formed in the 
pericycle. In these roots we have a conspicuous exception to the rule, for here it 
is quite common for the cambium to appear in the cortex, outside the endodermis. 
In Dracena Draco, D. fragrans, and D. ensifolia the authors found that the cam- 
bium is often formed in the cortex at once, without any previous pericyclic develop- 
ment. The two modes of growth, however, often occur side by side, or combined 
in the most irregular manner. Connecting vascular bundles, passing through the 
endodermis, were often observed. 

A new point of importance is that in most cases observed, the secondary growth 
starts from the insertion of a rootlet, advancing upwards and downwards, as well 
as peripherally, from this place. At and near the insertion of the rootlet the cam- 
bium is always pericyclic; at a distance from it cortical cambium begins to appear, 
while at a still greater distance the pericyclic cambium disappears, and the forma- 
tion of secondary tissues is limited to the cortex. 

3. Secondary thickening in Dridacee. 

The authors are not aware that any example of this has been described before. 
Their attention was called by Professor Bower to the occurrence of secondary 
thickening in Aristea corymbosa, Ait., an iridaceous shrub. The process has now 
been fully investigated, and agrees generally with the Dracena type. The young 
stem of Aristea is flattened in the plane of the distichous and equitant leaves. 
The primary vascular cylinder is thus narrowly elliptical in transverse section. 
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The primary development ceases for a considerable time before the cambium appears. 
The formation of secondary tissue is at first most active at the sides of the cylinder. 
At its narrow edges the process begins later, and for a long time is less active. 
Hence the vascular cylinder gradually acquires a circular transverse section. The 
secondary vascular bundles are concentric; their xylem consists chiefly of long 
tracheides, which have a tortuous course, and arise, like those of Dracena and 
Yucca, by the elongation of single cells, 

Here, as in other Monocotyledons, the cambium does not form a single initial 
layer of cells, but rather constitutes a secondary meristematic zone in which 
several layers may successively take up the cambial divisions. 

The first-formed periderm is external at the sides, internal at the prominent 
edges of the flattened stem. This helps to give the older stem a cylindrical form. 

At a later stage successive internal periderms arise, and soon the whole of the 
primary cortex is thrown off. This is meanwhile replaced by the formation of 
abundant secondary cortex on the outer side of the cambial zone. The outer 
layers of the secondary cortex also are successively cut off as bark. 

It is evident that a process of secondary growth of the same general type has 
appeared independently in several distinct groups of Monocotyledons. 


3. On the Simplest Form of Mosses. By Professor Dr. Gorbet, For.F.L.S. 


Since Hofmeister’s researches proved that the moss sporogonium is the homo- 
logue of the leafy spore-forming fern-plant, and the sexual moss-plant is the 
homologue of the fern prothallus, it has been the endeavour of many morphologists to 
discover how the transition from the moss sporogonium to the fern-plant took place. 
These efforts have, however, led to no result. They started from the assumption 
that vascular cryptogams sprang from moss-like ancestors. My investigations 
early led me to regard such a view as erroneous, and to the conclusion that mosses 
and ferns do not stand in direct genetic connection, but have been derived from a 
common stock. The character of this alga-like ancestor we must seek for in the 
sexual generation, whilst the asexual generation in the moss series and in the fern 
series has developed differently. 

Now we see the sexual generation of the moss beginning as a simpie structure 
—the protonema—often mistaken for a filamentous alga. A similar structure is 
found in the prothallus of Hymenophyllez, and in the beginning of the development 
in the prothallus of most other ferns. The moss-plants arise out of the protonema 
as lateral shoots. They were originally only the supports of the sexual organs, for 
the protection of which envelopes were formed. If, now, the sexual organs were 
developed, not coincidently with the formation of the moss-stem, but only at a 
later period, then the envelopes of the sexual organs might serve for assimilation 
as leaves, and thus might arise the moss-plant as we have it now. 

The simplest moss-plant was, then, one in which the sexual organs were seated 
on the protonema, surrounded by one or several leaf-like envelopes. Such a form 
has hitherto been hypothetical, but I have had the govd fortune to discover its 
existence in Buxbaumia. 

The male plants of this moss are of a wonderfully simple character, and corre- 
spond exactly with the hypothetical form just referred to. From primary delicate 
protonema-threads a thicker branch takes origin, at the end of which is a single 
antheridium, long-stalked like that of a liverwort, and corresponding otherwise in 
form with that of liverworts. 

round this antheridium is a curved shell-like envelope, which has no chloro- 
phyll, and differs also from other known moss-leayes in the arrangement of its 
cells, there being no two-sided apical cell. No stem is formed, the only indication 
of it being the formation of one or two oblique segment walls in the cell beneath 
the leaf-insertion. 

The female plant is more highly developed, as one would expect from a bio- 
logical point of view. The formation of the embryo demands a considerable food 


‘supply, and therefore a cell mass of some bulk must be developed. A similar 


arrangement to the one I describe is seen in the filamentous prothalli of the 
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Hymenophyllee, in which the antheridia are directly sessile on the filaments, 
whilst the archegonia stand upon a cushion of ceil-tissue, the archegoniophore, pro- 
duced by the division in a longitudinal direction of a prothallus-filament. This 
female plant in Buxbaumia is an archegoniophore, with envelopes composed of a 
number of leaf-like structures without chlorophyll, which correspond with the 
single envelope leaf of the male plant. Only one archegonium is developed. 

The sexual generation of Buxbaumia possesses, then, an extremely simple con- 
struction, and in my opinion exhibits the nearest approach known to the ancestral 
form of the mosses. One might, of course, conjecture that this simplicity of con- 
struction is a reduction from a more complex; but against this view may be urged 
that Buxbaumia possesses characters which separate it from the other mosses, and 
which remind us of the liverworts, chiefly of a low stage in development. These 
characters are :— 

1. Form of antheridium; which is very different from that of Bryinex, and 
corresponds with that of many liverworts. 

2. The arrangement of the cells in the leaf. 

3. The fact that the marginal cells of the leaf normally grow out into proto- 
nema-threads, which shows that the leaves are merely expanded protonemata, an 
assumption which is supported by other facts. 

The author believes, then, that Buxbaumia has preserved in its sexual genera- 
tion the primitive characters, and is a very old type. 


4, On the Cause of Physiological Action at a Distance. 
By Professor L. Errera (Brussels). 


Most vegetable organs are sensitive to the influences of their environment, and 
respond to these stimuli, as long as they are capable of growth by bending ia 
a definite direction. In fact, they generally feel asymmetrical distribution of 
matter or energy around them. Thus the geotropic, heliotropic, hydrotropic, 
haptotropic curvatures arise which are familiar to vegetable physiologists. 

But the very interesting phenomena described two years ago by Elfving did 
not appear to belong to any of the known categories, and led this distinguished 
botanist to the assumption of a new force revealing itself by ‘ physiological action 
at a distance,’ as he terms it. 

He found that pieces of iron, and to a less degree of zinc or aluminium, as well 
as different organic substances—sealing-wax, rosin, roots of living plants—attract 
the growing, sporangium-bearing filaments of Phycomyces nitens, a well-known 
fungus belonging to the Mucorini. AJ] other metals tried by Elfving were in- 
active, whereas the filaments of Phycomyces itself showed a mutual repulsion. 

The latter fact, which I had often observed, I always ascribed to negative 
hydrotropism. So the question arose whether the attractions discovered by 
Elfving are not due toa similar cause, Tor, just as we know that a surface 
which emits moisture repels the Phycomyces filaments, it seemed probable that 
moisture-absorbing substances should produce the reverse effect and attract them. 
Now iron certainly absorbs aqueous vapour whilst rusting, and its peculiar action 
on Phycomyces might thus be simply a case of hydrotropism. 

Ihave tested this view by a great number of experiments, and I submit for 
the inspection of the members of this section photographs showing the behaviour 
of Phycomyces towards different substances. This theory enakles one not only to 
explain the known facts, but it also permits one to predict unknown. ones. 

It is easy to demonstrate that any modification of iron which lessens its capa- 
city of rusting at the same time diminishes its attraction on Phycomyces: polished 
steel scarcely attracts, and nickelled steel does not do so at all. 

China clay, which is very hygroscopic, attracts energetically, but china exhibits 
no attraction. One of the most striking instances is that of agate and rock-crystal. 
Although both are essentially formed of silica, the Japanese physicist Inmori? has 
shown that the former is very hygroscopic, whereas the latter is not so. And, as 
was to be foreseen, agate strongly attracts the Phycomyces, though rock-crystal 


1 Wiedemann’s Annalen, 1887, xxxi. p. 1006. 
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is perfectly inactive. I might quote many similar facts, if necessary. Thus, sul- 
phuric acid, sulphate of copper, &c., are strongly attractive. Certain bodies 
which are only moderately hygroscopic, as white soap, lose or gain moisture 
according to the degree of dampness uf the surrounding atmosphere; and in the 
first case they repel Phycomyces, in the second they attract. 

The sensibility of Phycomyces is, in fact, so great that it may actually be used 
as a reagent to test the existence of hygroscopic power. Having noticed that 
camphor very distinctly attracts the filaments, and thymol does not (although 
both of these substances have a deleterious action on them), I could anticipate 
that camphor is hygroscopic—a fact which, though unknown to chemists, was 
confirmed by careful weighing. 

Lastly, the theory may be tested in another way. Differing from filaments of 
Phycomyces, roots of higher plants are positively hygroscopic. Then, as might be 
expected, they bend away from iron instead of being attracted by it. 

All these experiments succeed also in a saturated atmosphere, which shows 
that hydrotropism is not due, as generally admitted, to differences in the hygro- 
metric state of the air. But the discussion of this point, as well as certain deduc- 
tions relative to the physical phenomenon of hygroscopicity, must be reserved for a 
detailed paper on this subject. 

To sum up the general results: the apparently mysterious action of iron on 
Phycomyces is nothing but a matter of hydrotropism; and hydrotropism itself 
(negative or positive) is the bending of a vegetable organ towards the points, not 
where it will find a minimum or maximum of moisture, but where it will, within 
certain limits, transpire most or least. 


5. Notes on the Morphology of the Spore-bearing Members in Vascular 
Oryptogams. By Professor F. O. Bower, P.2.S. 


6. Notes on an Aposporous Fern Seedling. By C. T. Drourry, 


7. A Chytridian Parasitic on Cyclops’ Eggs. 
By Professor M. Hanrtoe, D.Sc. 


8. On the Arrangement of the Buds in Lemna Minor. 
By Miss Nina F. Layarp. 


The object of this paper was to illustrate the order of budding followed by 
specimens, the development of which was watched and figured by the writer, from 
that of a single frond until it had increased to a connected colony of six. 

These observations seemed to point to the fact that this duckweed, as a ceneral 
rule, produces two buds only, the first being usually from the right side, and the 
second from the left; though exceptions occur in both cases, and there are other 
difficulties which must be cleared away before any such law can be looked upon 
as established. 

The following table gives the result of the examination of 475 duckweed 
groups taken from an outdoor aquarium on J uly 22, 1892 :— 


Single duckweeds ° : . : 6 
(150 of which were bearing 
Duckweeds in pairs . : : , 232 ) ‘puds on the right side, 
ih and 82 on the left. 
Fr in groups of three 120 
3 a four 3 7 eee 
os is five : - 17 
e 3 six é = 7 
3 » eight Ww 


Total i sedtb 
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From this it would appear that the group usually breaks up when the fourth 
frond has been produced, thus explaining the comparatively few groups of five 
which are to be found. It would also account for the large number of pairs found 
during this month, and perhaps for the fact that there are more than twice as 
many pairs consisting of fronds with a right-hand bud as of pairs where the bud 
is on the left; for although the detaching of the right pair would temporarily 
leave a left-handed pair, this would soon be altered by the left young frond 
budding and pushing off the parent weed. 

After other remarks upon the tethering filament which appears at the base of 
certain fronds in order to attach them loosely to the parent frond, and disappears 
shortly after they are separated, with an account of experiments with duckweeds 
grown in the dark, and others which continued to throw out buds, after being 
divided in half, the paper concluded with the following questions presented for the 
consideration of the botanical members of the Section :— 

1. As to the number of buds produced by a single frond of Lemna minor ? 

2. The order and position of the buds? 

3. The use of the connecting filament ? 

4, The absorption or destruction of the connecting thread after separation ? 

5. The explanation of the comparative number of fronds found connected, as 
shown in the table above? 


DEPARTMENT OF PHYSIOLOGY. 


L. Vital Absorption. By Professor E. Wayouts Ret. 


As a result of the researches of Dutrochet, the causation of the movement of 
fluids through membranes in the animal body was considered to be entirely due to 
osmotic action up till about the middle of the present century. The researches of 
Briicke, Liebig, Ludwig, Graham, Fick, Eckhard, and others, bear witness of the 
painstaking labour that has been spent upon the determination of osmotic equiva- 
lents and diffusion rapidities. It was found, however, that with variation in the 
kind of membrane used, and its state at the time of experiment, great variations. 
in the results made themselves manifest. In 1845 was published by Matteucci and 
Cima a series of experiments with skins of frog, eel and torpedo, and various mam- 
malian mucous membranes, in which it was shown that, provided the membrane 
was fresh, the direction of easier osmotic transfers varied with the facing of the 
membrane towards the solutions employed for experiment. and it was found that 
this peculiarity only existed so long as the membrane was perfectly fresh. 

Later experiments with the bladder by Susini, using potassium ferrocyanide, and 
Cazeneuve and Livon, using urea, have shown how greatly the phenomena of diffu- 
sion through the wall are effected by the state of the lining epithelium. Tappeiner’s 
experiments upon the absorption of bile salts from the dog’s intestine, and those of 
Lannois and Lépine upon the absorption of glucose and peptone, have pointed 
elearly to the fact that the phenomena of intestinal absorption receive no clear 
explanation upon the old osmotic hypothesis. 

Still more recently in Heidenhain’s laboratory the work of Réhmann, and also 
that of Gumilewsky, has done more to show the necessity of discarding the physical 
explanation that so long seemed to meet the conditions of the case. 

The consideration, too, of the changes that are wrought upon substances in 
process of absorption, such as the regeneration of albumen from peptone, pointed 
out by Salvioli, Hoffmeister, and Neumeister, and the synthesis of fat when fatty 
acid is supplied, demonstrated by Immanuel Munk, forces us to view the phe- 
nomena of absorption in the organism from the vital and chemicai rather than from 
the purely physical standpoint. 

Three years ago,in experiments directed to determine how far the physiological 
‘condition of a membrane can affect the magnitude of an ordinary osmotic stream 
caused to pass through it, I found, when using the skin of the frog freshly removed, 
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and taking precautions that the fluids in contact with it should have as little 
deleterious action as was possible under the conditions of the experiment, that the 
direction of easier osmotic transfer was from the outer towards the inner surface, 
the reverse of the direction of easier filtration in dead skin as demonstrated by 
Cima. 

Contrasting, too, the action of fluids tending to preserve tissue life with that 
of those tending to destroy it, I found that while the skin was more permeable from 
without inwards so long as the fluids employed did not kill its tissues, yet so soon 
as a fluid was used that tended to destroy life, as, for instance, pure water, that 
then the direction of easier osmotic transter was that of easier filtration in dead 
skin, 7.e., from within outwards. I concluded that a vital absorptive action existed 
in the living skin, by virtue of which it was able to aid the osmotic stream if such 
stream were passing in the direction from without inwards, for in such case the 
vital and physical stream would be in the same direction. If, however, the osmotic 
stream were passing in the direction from within outwards, being then contrary to 
the direction of the vital current, it would undergo a retardation. This hypothesis 
was much strengthened by the action of stimulant and depressant drugs upon the 
magnitude of the osmotic current through the living skin. A stimulant, such as 
weak alcohol, was found to increase the magnitude of a stream passing from with- 
out inwards, z.e., in the normal direction of absorption; while, on the other hand, 
it diminished that of a stream caused to pass from within outwards, for here the 
opposing vital action was against the physical stream, while in the former case it 
had been with it. 

Using chloroform as a depressant I obtained exactly reverse effects; with this 
substance a stream set up from without inwards was diminished, while one passing 
in the reverse direction was increased. 

The crucial test of the hypothesis of vital absorptive force is to place exactly 
the same fluid upon either side of a living membrane, and to obtain evidence of 
transference of fluid across it in the normal direction of absorption in the body. 
This I have succeeded in doing with the skin of the frog by means of a special 
apparatus. I have suspended the skin between two layers of baudruche soaked in 
normal saline solution, and have seen a stream of normal saline pass across from 
the outer to the inner surface. With dead skin no such effect occurs, but only 
imbibition at both surfaces. This action does not appear to be of electro-osmotic 
origin. 

“With the intestine of the rabbit it has also been found possible to demonstrate 
vital absorptive action, Here the same apparatus and method have been employed 
as in the experiments with the skin of the frog. It is necessary for success that 
the loop of intestine selected for experiment shall be im full digestive activity as 
judged by the state of its lacteals, blood vessels, and contents. Here, again, with 
normal saline on either side of a piece of exsected gut, it is possible to get evidence 
of a stream passing from within outwards so long as the tissues are alive. Scraping 
otf the epithelium diminishes the transfer or puts a stop to it. 

Furthermore, by adding pilocarpine to the fluids used it is possible to reverse 
the direction of the stream, so that instead of a current passing from within out- 
wards one may artificially produce one passing from without inwards; in fact, a 
piece of absorbing mucous membrane may have its action swamped by the 
induction of an excess of secretory action. 

It is claimed for these experiments that they are positive as regards the occur- 
rence of vital absorption instead of merely negative as regards osmotic absorption, 
as has been the case with the results of previous observers. 


2. On Animal Heat and Physiological Calorimetry. 
By Professor Rosenruat, of Erlangen. 


To measure the amount of heat given out by a living animal is very difficult, 
because the common water calorimeter is not suitable for this purpose. Professor 
Rosenthal therefore chose the air calorimeter, first invented by Scharling and 
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recently adopted by D’Arsonval. He described shortly the apparatus consfructed 
by himself, and gave a brief account of some of the results he obtained by his 
experiments. These extend to the heat-production in different conditions of the 
normal state and of fever. As to the latter, he found that heat-production is not 
augmented in fever produced by injection of putrid matters. But in a few 
experiments he made on men he found a small augmentation; and so he thinks 
that there are two types of fever with different causes of rising temperature. 

Among the other objects of his investigations he principally mentioned the 
connection between nutrition and heat-production. According to his researches 
there is no strict proportion between the two, because the mixture of materials 
burnt in the body changes from hour to hour. After a rich meal the heat-produc- 
tion rises to a maximum point, falls then very rapidly, and is nearly constant 
between the thirteenth and twenty-fourth hour, It is nearly the same with the 
expiration of carbonic acid. But the changes of both functions are not quite 
proportional to each other. The expiration of carbonic acid rises more quickly, 
and reaches its maximum point earlier. So the ratio between both functions 
varies. And this is also the case in animals differently nourished, and in cases 
where heat-production changes in consequence of variations of the outer tempera- 
ture or of muscular action. The combined investigation of heat-production and 
of the expired carbonic acid enables us to understand better the chemical processes 
going on in the system. The changing ratio between both shows that the mixture 
of materials oxidised in the body varies from hour to hour. Therefore it was 
impossible to find a strict accordance between heat-production and excretion until 
the new method enabled one to measure the heat produced during long periods 
of time, and to show exactly that animal heat also is produced only by oxidation, 
and that the law of the conservation of energy is true for the living body as in all 
other cases of combustion. 


3. Proteid Hydrochlorides. 
By A. Locxuarr Gituespic, M.D., C.M., F.R.C.P.E. 


In applying this name to the gebundene Salzsiiure of the German writers, the 
author seeks to accentuate the part proteids play in the combination, His views 
with regard to them are as follows :— 

All proteid substances have an affinity for hydrochloric acid. The lower 
proteids in the series combine with a greater percentage of HCl than the higher. 
The percentage varies from 9 per cent. in the case of acid albumen to 18 or 20 per 
cent. in peptone. The greater affinity which the lower proteids have for hydro- 
chloric acid compared with the higher may indicate the mode of their formation. 


ae 
If —a — a— were considered to be the primary proteid molecule, the ultimate 


composition of which may be at present disregarded, but which is quadrivalent, 
serum albumen would be :— 


H.O HO H,O H,O 


oe a=a 
RLS < Dy 
H,O0—a a—aa a—H,O 
I| I Il I 
H,O—a a—a a—H,O 
a oe Ss x 


Acid albumen would be formed by the substitution of six molecules of HOI 
for six molecules of water. If more HCl combined, in the presence of pepsine, 
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the molecule would split into two molecules of proto-albumose, each having the 
composition 


H.O HCl 
na) 
a= 
H,0—«a a—HCl 
I I 
HCl—a a—H,0 
x fa 
ae 
hes 
12(CUBEIAO) 


Washing this with alcohol and then redissolving in water would give pure proto- 
albumose, water molecules taking the place of hydrochloric acid. In like manner 
deutero-albumose might be 
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and peptone 
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These relative proportions are supported by the amount of silver which is 
contained in a series of the different proteid compounds with silver, the various 


proportions being roughly (not sufficient data are yet to hand to allow of exact 
_ deduction) :— 


Silver toalbumen . 2 : : : 7 4 - 1to8 

| Ry proto-albumose . 5 A 2 : . Lto 44 
if deutero-albumose , . A ; ; » tod lb 
; oo peptone 4 3 : : ; ; 5 = Lto75 


The relative proportions of proto-albumose to that of deutero-albumose in these 
silver combinations are exactly paralleled by their respective rapidity of diffusion. 

Proto-albumose diffuses more slowly than deutero, the exact figures being :— 
‘75 of proto-albumose dialyses in the same time, if under the same circumstances, as 
one of deutero; while one part by weight of proto-albumose combines with silver 
for every ‘72 of deutero. 

This process of saturation of the proteid molecules, and their splitting up under 
the influence of HCl and pepsine, are of great importance in natural gastric 
digestion, and point to the reason why, in the early part of normal digestion, all 
the simpler forms may be found. Indeed, before ten minutes have elapsed after a 
meal which has included proteid substances, peptones may be identified in the 
stomach contents, 

The different stages of gastric digestion after a meal consisting chiefly of 
proteids may be divided into— 

1. Amylolytic stage.—Acidity slight, rising ; no free HCl present, but some 
combined with proteids. Duration, about ten minutes ; peptones generally present. 

2. Combined hydrochloric acid (proteid hydrochloride) stage.—Acidity consider- 
able, rising ; all forms of proteids present ; no free HCl; probably some lactic acid. 
Duration, until about the half-hour. 
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3. Free hydrochloric acid stage.—Acidity still increasing ; some free HCl, mostly 
combined ; Jactic acid disappearing. Irom the half-hour to three hours or so. ; 

4, The chief absorption stage.— Acidity falling, but proportion of free to com- 
bined HCl rising. From third to fourth or fifth hours. 

5. Evacuation.—Propulsion of contents into duodenum at fourth or fifth hours. 

Summing up, the higher proteids may be compound molecules formed by 
combinations of differént numbers of a primary proteid molecule, which probably 
is identical with the lowest proteid in the series. The compound molecules are 
split up into simpler forms by saturation with HCl in the presence of pepsine, the 
combination of the two evolving suflicient energy to effect this. 

The reappearance of albumen in tke walls of the stomach during absorption 
may be a reversed process, consisting of dehydration and consequent attachment 
of the lower proteid molecules together by the links tbus left open. 


4. On the Structure of the so-called Hibernating Gland in the Hedgehog. 
By HE. W. Caruter, M.D., B.Se., F.R.ILS., §c., Senior Assistant to 
the Professor of Physiology in the University of Edinburgh. 


This organ is a lobulated, bilateral, brownish-yellow structure, situated chiefly 
in the axillary, thoracic, cervical, and dorsal regions. It derives its nervous supply 
from the cutaneous branches of the cervical and upper intercostal nerves, in 
connection with which a ganglion is developed in the axillary region. Its vascular 
supply is obtained from the corresponding branches of the cervical and intercostal 
arteries, and from the inferior thyroid artery. 

The organ is quite distinct from the thymus gland, though its cervical lobes 
come into intimate relation with the latter. 

The size of the organ varies with the period of the year; it attains its maximum 
dimension in October, @.e., just at the commencement of hibernation, and its 
minimum shortly after the animal has awakened from winter sleep. 

Each lobe is surrounded by a fibrous capsule, from which septa pass inwards, 
dividing it into lobules; in these septa the blood-vessels and nerves ramify. In 
the fully formed organ the lobules consist of rounded or polyhedral cells of vary- 
ing size from 23 p to 34» in diameter; each cell consists of a granular mass of 
protoplasm exhibiting a fine wide meshed protoplasmic network, interrupted here 
and there by droplets of fat that vary considerably in size in different cases; in 
the centre of the cell is a spherical nucleus measuring 5 » to 7 u in diameter, so 
rich in chromatin that the contained nucleolus is almost invisible in stained 
preparations. The cell is surrounded by a definite though thin cell wall. A few 
cells contain two nuclei. The cells appear to arise at the margins of the develop- 
ing lobules from smail granular, unnucleated connective tissue corpuscles, which 
divide again and again, similar in appearance to those that give rise to adipose 
tissue generally. These cells gradually enlarge, their protoplasmic network be- 
coming more and more distinct ; presently tiny droplets of fat make their appear- 
ance at different points in the cell, which go on increasing in size with the growth 
of the cell, and which may or may not run together to form large fat droplets. 
The fat, however, never increases to such an extent as to completely fill the cell, a 
large part of the protoplasm, usually the peripheral portion, always remaining: 
altogether free from it; the nucleus, around which most of the droplets are 
irregularly arranged, remains in the centre of the cell. Owing to the increase in 
size, the cells which are at first rounded become polyhedral from mutual pressure. 
The cells are always readily distinguishable from ordinary fat cells, of which many 
may be developed in the fibrous capsule of the organ. 

Parallel with the increase in number and size of the cells there is an increase 
in the capillary blood-vessels, which multiply to produce a rich plexus between the 
cells, much in the same way as in adipose tissue generally. The veins accompany 
the arteries in their distribution. The ganglion found in connection with the 
axillary part of the organ consists of small closely packed unipolar nerve cells 
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similar to those of peripheral ganglia generally, except in that they possess no 
special envelope lined by endothelial cells. It is worthy of note that the large 
arteries of the organ exhibit a fine nerve plexus between their middle and internal 
coats, similar to and directly continuous with that ordinarily described between the 
middle and outer coats of larger blood-vessels generally. . 

If the organ be examined in March, 7.e., towards the close of hibernation, many 
of the cells will be seen to exhibit remarkable changes, 

These changes appear to start in the nuclei, which begin to swell, assume a 
more completely spherical shape, lose some of their chromatin, and so reveal certain 
changes in the nucleolus which can now be seen to contain one or more colourless 
endo-nucleoli; from this nucleolus there are given off from time to time para- 
nucleoli, which pass gradually towards the periphery of the nucleus, meanwhile in- 
creasing in size, and presently find their way through the nuclear membrane into the 
surrounding protoplasm, where they break down and disappear; as the nucleus 
becomes more and more devoid of chromatin more of these bodies are produced, 
only one or two at a time, however, which, after piercing the wall, break down in 
the protoplasm ; finally, the nucleolus itself passes towards the periphery of the 
nucleus, applies itself to the nuclear membrane, causing it to bulge somewhat at one ° 
point, through which it eventually passes into the surrounding protoplasm, to break 
down there just as the para-nucleoli have already done. After the passage through 
it of the nucleolus, the nuclear bag, still containing a few strands of chromatin, 
collapses and finally also disappears, 

Whilst these changes are going on in the nucleus, the fat stored in the cell 
is gradually absorbed, and eventually entirely disappears; the cell wall disappears, 
and the protoplasm also exhibits changes ; its network becomes less distinct, the finer 
_ Strands seeming to give way, producing a finely granular appearance throughout 
the cell, amongst which a peculiar coagulable colloid-looking material may some- 
times be seen which finds its way into the capillaries, and thence into the veins, 
where it appears in hardened preparations as a uniform hyaline mass with the red 
blood corpuscles imbedded in it. This material is not of the nature of glycogen, 
but possibly rather allied to lecithin. Eventually the whole cell disappears. 

This change does not occur in all the cells simultaneously, but in groups of 
cells here and there, giving rise in those places in which it has been going on for 
some time to an appearance of greater vascularity, owing to the capillaries 
formerly separated by large cells gradually coming together as the intervening 
cell mass is absorbed. 

By this process the very voluminous body present at the commencement of 
hibernation gradually dwindles away to almost nothing soon after the animal 
awakes from its winter sleep. 


5. The Functions, Staining Reactions, and Structure of Nuclet. 
By Gustav Mann, I. B.0.M. 


The author holds the following views :— 

1. The nuclear chromatin segments are organs for the transformation of simple 
into more complex compounds. 

2. The nucleolus is a storehouse for material which has been elaborated by the 
nuclear segments. 

These views are supported by the position of nuclei and nucleoli relatively to 
their cell walls and the supply of food, as seen in the vegetable kingdom in the 
sporangia of Tmesipteris, Selaginella, the embryo-sac of Angiosperms, &c.; and as 
readily demonstrated in the animal kingdom in the ganglion cells of the retina, 
during the development of the chick, in the alimentary canal of the salamander, &c. 

5. The staining reactions of nuclei and nucleoli during their ‘resting’ and 
‘asexual’ condition, during division and senescence, and during the period of 
‘sexual’ differentiation may be represented thus :— 
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—— Nucleus Nucleolus 
During rest . : ; ; . : Blue Red 
During division . : ‘ : . - Red Absent 
During senescence . » E ; - - Red Red 
In the ovum . : = . : : : Blue-red Red 
Inthe spermatozoon . 4 ; - . Blue 2 
In fungi . : - . : ; : 3 Red Red 


The following explanation is offered :—The nuclear segments being the organs 
for the elaboration of food and the nucleolus a storehouse for elaborated material, 
we must suppose that the new material which is being conveyed to the nucleus 
will take on a blue stain, because during senescence, division, and other conditions, 
when the cell may be supposed to be less actively assimilating food materials from 
without, we have invariably a red colouration taken on by the chromatin. This 
would also explain why the spermatozoon, owing to its great activity, is not able 
to lay up a store of elaborated material, and why it should stain blue, and why the 
nuclei of fungi living on elaborated material should stain red. 

The view taken of the stainable material led of necessity to the belief that the 
achromatin of the cell is the essential plasma, and the latter really seems to play 
the most evident and important part during all phenomena connected with either 
division or conjugation. 

Two special seats or centres of the achromatic substance may be recognised, one 
being the archoplasma, the other the endo-nucleolar substance. From the central 
endo-nucleolus, within the nucleolus, many delicate fibrils may be traced to the 
hyaloplasm of the cell, and tubular fibrils may be seen to pass from the chromatin 
segments to the nucleolus. 

These observations made by the author on the nuclei of Scilla nutans, after 
fixing the ovules by his picro-corrosive alcohol, have been confirmed by M. Heiden- 
hain in his elaborate paper on the leucocytes of Salamandra maculata. 


DepaRTMENT OF Zoouoey. 
1. On the Social Habits of Spiders. By Dr. McCoox. 


2. On a Use of the External Ear. 
By Professor A. Crum Brown, F.R.S. 


The form of the exterual ear is such that a continuous uniform noise is heard 
differently, both as to intensity and as to quality, when it strikes the ear at 
different inclinations. As binaural hearing enables us to determine the.azimuth in 
which a source of sound is situated by turning round about a vertical axis until 
the sound is heard equally in both ears, so the form of the external ear enables us 
to find the altitude of the source of sound by rotating the head about a horizontal 
right and left axis until we hear the sound with a quality and intensity which we 
recognise as that of a sound proceeding from a source situated in the plane con- 


taining the lines of direct vision when these are in their mean position in reference 
to the head, 


3. The Method of Comparative Psychology. 
By Professor C. Luoyp Morean. 


_ _ The object of this communication is to show that our interpretation of animal 
intelligence is necessarily based on a double or twofold process of observation. 
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First, the activities of animals have to be carefully observed as objective phenomena. 
Secondly, our own mental processes have to be carefully observed, and cautious 
inductions have to be drawn therefrom. Finally, the objective phenomena 
reached by the first process of observation have to be interpreted in terms of the 
conclusions reached through the application of the second process. Naturalists 
are too apt to forget that the second process is as essential as the first, and that to 
do good work in comparative psychology it is necessary to be a psychologist. 
Neither process of observation can be omitted if results of scientific value are to be 
reached, for both are of co-ordinate importance. 

Psychological analysis is beginning to make clear the nature of the feeling and 
perception of relations. It also discloses that there is a well-marked contrast 
between (1) the mere feeling or practical awareness of relations, and (2) the definite 
perception or cognition of relationships. The former is the foundation of practical 
skill; the latter is the foundation of explanation and knowledge. The former is 
manifested in the simple psychical life of external perception ; the latter involves 
introspection and reflection. 

In the higher animals there is abundant evidence of ability to feel and respond 
to relations, and of wonderful practical skill based on direct experience. There is 
little or no evidence of the perception or cognition of the relations, of introspection, 
or of reflection. It is well to restrict the words ‘reason’ and ‘ rational’ to the latter 
process, Animals are certainly intelligent; they may be rational. 


4. On the Relationships and Réle of the Archoplasmic Body during 
Mitosis in the Larval Salamander. By J. EH. 8S. Moors, A.R.C.S. 
Lond. 


The existence of the ‘Nebenkern’ as a frequent cellular constituent has been 
pointed out by a variety of authors whose descriptions relate to vertebrates and 
invertebrates alike, but hitherto certain elements of confusion, arising from the 
simultaneous description of other bodies, obviously heterogeneous and foreign, have 
relegated this structure to a position of only secondary importance in cellular 
anatomy. 

Our most accurate knowledge of the ‘Nebenkern’ is derived from Platner’s 
admirable description of its origin and metamorphosis in the spermatocytes of 
Helix, where it plays so marked a part in the indirect division of the cell. 

Hermann’s more recent description of an archoplasmic body in the sperma- 
tocytes of the salamander, and his institution of a probable homology between this, 
the ‘Nebenkern,’ and the ‘sphére attractive’ of Van Beneden, renders the possible 
extension of these observations to other kinds of cells a matter of primary interest 
to those desirous of embracing under some more general formula the varied 
phenomena of mitosis. 

The duplication of the spheres in Ascaris, as compared with the single archo- 
plasmic body in the spermatocytes of Salamandra; the invariable appearance and 
relationship of a central body or bodies, of the ‘ medullary corpuscle’ and outer 
‘archoplasm’ in the former; and the frequent absence of ‘medullary zones,’ 
central body, or both, from the archoplasm of the latter, are considerations 
antagonistic to the desired demonstration of the above homology. 

Much of this confusion is dispersed by discoveries in the embryonic genital 
ridge of the salamander. In this tissue the archoplasmic body is much more 
definite than in the spermatocytes, and may become duplicated, as in the ‘sphéres 
attractives’ of Ascaris. 

It presents a serial metamorphosis identical with that of the spermatocytes of 
Helix. During certain phases of this, the relationships of the central body, zone, 
and archoplasm are identical with those existing in the spheres of Ascaris. 

The interest and significance of the above observations are greatly increased by 
the discovery of an archoplasm (‘Nebenkern,’ ‘sphére attractive’) in certain 
phases of the life history of the leukocytes in the same amphibian larve. The 
existence of the archoplasm (‘ Nebenkern ’) in the cells constituting the undifferen- 
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tiated genital ridge of the salamander shows that it is not specially related to the 
spermatocytes ; while its appearance in cells so obviously primitive as the 
leukocytes proves it to be in no way specially connected with the reproductive 
elements, and suggests that it should be regarded rather as a normal constituent 
of the resting cell. 

The ‘attraction sphere’ of Flemming cannot represent in toto those described 
above, as it consists of a central body (or bodies) and its immediate radiation only, 
apart from anything analogous to the definite archoplasm which Hermann 
describes. The complicated origin attributed to the spindle in the mutually 
irreconcilable descriptions of previous authors is, moreover, much simplified by the 
study of the cells in the same genital ridge. The intimate connection between the 
‘Nebenkern’ and spindle described by Platner in the spermatocytes of Helix is 
most strikingly borne out during the metamorphosis of these cells. The central 
bodies become duplicated ; the two halves recede from one another through the 
archoplasm, whose mass elongates in the direction of their motion. 

The delicate external radii of the cell mass follow the central bodies as specific 
centres while en route to the polar extremities of the archoplasm; until, simul- 
taneously with their arrival in this position, these radii assume the characters of 
the well-known astral radiations. 

The whole spindle is formed from the intervening archoplasmic mass, and 
apparently from nothing else. 

So soon as the constriction to form the daughter-cells becomes apparent, the 
expanded spindle fibres collect around the intermediate bodies of Flemming, and 
by their fusion regenerate an archoplasm on either side of the last division planes 
of the cells. The central bodies enter into a secondary connection with these new 
archoplasms, travelling up the fibres which remain between them and the concavi- 
ties of the daughter nuclei. It thus appears that in these various cells of the 
vertebrate (Salamandra) Platner’s generalisation with respect to the cells of the 
invertebrate (Helix), that ‘zwischen Kniiuelgeriist, Spindelfasern und Nebenkern 
ein genetischer Zusammenhang existirt,’ is strikingly extended and borne out. 


5. On an Abnormal Horse’s Foot. By Professor J. Cossan Ewart. 


6. The Origin of Sex. By Gustav Mann, M.B., O.M.! 


While studying the origin of sex, two distinct points must always be kept in 
view—first, the origin of sexual cells; and secondly, the physiological cause 
determining the sex of potential sexual cells. 

With Ryder and Hartog the author believes that sexual cells are derived from 
‘ Zoosporangia,’ as a common origin of male and female cells seems to be proved by 
the reduction in the number of chromatin segments which occurs in both male and 
female cells previously to the act of fecundation. 

The author holds, further, that any condition unfavourable to a ready assimila- 
tion of food will produce a male organism ; while, reversely, any condition favouring 
the assimilation of food will tend to produce a female organism. 

Conjugation of two cells is, then, equivalent to the new-formation of one cell 
thus constituted, that a common trophic centre is formed which is capable of exert- 
ing its influence over the various organs, and that its organs are able to maintain 
the trophic centre by satisfying its chemical affinities—z.c., its hunger. 

The author does not believe, therefore, the active male cell to effect the restoration 
of the equilibrium, as manifested by the division of the passive female cell, by acting 
either as a ferment (v. Sachs), or by simply doubling the amount of chromatin in 
the female cell (Strasburger, Weismann, Ryder), or by being the carrier of 
katastates (Geddes and Thomson), or by restoring the susceptibility of the female 
nucleus to stimuli from its own cytoplasm (Hartog); nor have we digestion of the 


1 For a full account of author's views see ‘The Embryo-sac of Myosurus 
minimus, L., Trans. and Proc. of Bot. Soc., Edinburgh, July 1892. 
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two cells, or isophagy, as Ralph believed, but feeding of the starving cell on the 
surplus nourishment of the overfed cell, with no digestion of the living achromatic 
plasm, whether this be in a non-specialised condition as endonucleolar or archo- 
plasmic matter, or in the specialised condition forming the frameworks of the 
nuclear and other organs. 


7. Larve and their Relations to Adult Forms. 
By J. Brarp, M.Sc, Ph.D. 


Starting from the fact that two common types of development have hitherto 
been recognised—viz., larval, with metamorphosis, and foetal, or direct—the author 
attempted to show that all Metazoa above Coelenterata developed through the 
intermediation of a larva, and, in fact, upon the latter. This was indeed known to 
be the case in a great many forms, and in others traces of a larva could always be 
detected. The great influences which led to the disguising of the larva were 
shown to be either the lading of the larva with food-yolk, or its acquirement of a 
parasitic life within the parent form. The former adaptation led to a loss of 
maotor and some other organs on the part of the larva, while the latter tended to 
its degradation and degeneration, as in all fixed internal parasites. 

Even in mammals traces of a larva might be met with in the amnion and yolk- 
sac placenta, and additional reasons were adduced for a belief that here also the 
development took place upon a larva. This was rendered more probable by the 
reflection that a fixed internal parasite never could and never did develop to a higher 
organisation, such as that which the mammal attained, but that the parasitic larva 
might become degenerated and yet give rise to the higher organism which 
developed upon it. 

The researches of Kleinenberg (Lopadorhynchus) and Kennel (Pertpatus) were 
cited, and their views on the mode of development of some invertebrates were 
stated to be in close agreement with those enunciated by the author. 

It was urged that the recapitulation theory was no explanation of the phe- 
nomena of embryology—at best, it held good to a limited extent for the ontogeny 
of certain organs. 

The views of the author led him to regard Metazoan development as a sort of 
alternation of generations. 


8. The Exploration of the Irish Sea to the South of the Isle of Man. 
By Professor W. A. Herpman, F.R.S. 


SATURDAY, AUGUST 6. 
The following Papers and Reports were read :— 


1. On a Myograph for the Projection of Muscle Curves, and on a Method of 
Recording the Time of Voluntary Movements. By Professor Joun G,. 
M‘Kewprick, M.D., F.R.S., PRS. 


2. On the Origin of the Electric Nerves in the Torpedo, Gymnotus, Mormyrus, 
and Malopterurus. By Professor Gustav Fritscu. 


The author directed attention to the organisation of the electric fishes, with the 
purpose of throwing some more light on certain general questions relating to the 
functions and structure of the elements in the nervous system. 

There are two kinds of electrical organs found hitherto, one originating from 
modified muscles, as in Torpedo, Gymnotus, Mormyrus, and Raja; the other 
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belonging to the cutaneous system, most likely transformed gland-cells of the skin, 
which are found in Malopterurus. 

In the nervous apparatus, to make these organs act according to the impulse 
given by the will of the fish, there are found in every instance wonderfully developed 
ganglion-cells, from which the impulse passes directly to the electrical organs. In 
all the cases where the electrical organs are of a true muscular character the 
ganglion-cells send out well-defined, not branched, axis cylinders, one from each 
cell, which may easily be traced into the anterior roots of the spinal cord or 
medulla oblongata, These cells are more or less plentiful just as the nerve fibres 
arising from them are. 

In the cutaneous organs of Malopterurus there are only two ganglion-cells for 
innervation, one on each side, and only one nerve fibre belonging to each cell. 
That fibre does not rise from the cell-protoplasm as a true axis cylinder, but is 
formed by a combination of protoplasmic processes at a certain distance from the 
giant ganglion-cell. The electric current in the latter case has the opposite direc- 
tion from that in the former. 

It should also be kept in mind that in many other cases, not concerned with 
the electric fishes, peculiar ganglion-cells are found where peculiar functions of the 
nervous system occur. Yor instance, large ganglion-cells are found in the motor 
region of the brain, first seen by Betz, who looked for them on purpose to state 
anatomically the laws of localisation found by Professor Hitzig and myself—a 
branch of science which has been followed up in a glorious way by Professor 
Horsley, of London. 

Inflammation and decay of motor ganglion-cells might cause spasms in the 
muscles belonging to them, as was stated lately by Professor Hitzig in a case of 
tetanus of the head, where the motor cells of the fifth nerve were found to exhibit 
marked vacuolation. 

All these facts prove evidently that the ganglion-cells must be essential for 
sending on the nerve impulse to peripheral organs, and that the view recently put 
forward by Nansen, that the ganglion-cells are necessary only for the nutrition of 
the nervous tissue, is not the true one. 

In Mormyrus there is another very important fact to be stated, which touches 
also the nature of functions in ganglion-cells. Besides the axis cylinders, the 
electric cells in the spinal cord send out broad processes, which communicate quite 
regularly on such a large scale that there cannot be any doubt that these cells form 
a complete system, being united for common work. 

The axis cylinder being a well-detined, not branched, process, the other uniting 
processes must be considered protcplasmatic (in the sense of Deiters), Their 
frequent communications cannot have any other meaning than to warrant the 
equality of action in the electrie shock. That statement being admitted, the proto- 
plasmic processes of the cells must be conducting structwres. If that is true in the 
Mormyrus, there is no reason whatever why it should be otherwise in the rest of 
vertebrate animals, although Golgi states that the protoplasmic processes are not 
nervous. 

There is another proof in the organisation of Mormyrus regarding the same 
object of combined action in the electric organs on both sides. ‘The upper as well 
as the lower electric nerves form a decussation outside the vertebral column, 
like a chiasma, As there is no other instance recorded that motor nerves cross 
over from one side to the other through the median plane of the body, this shows 
the immense power of adaptation to function (in the sense of Charles Darwin) 
which nature is apt to work out. 


3. On the Leaf of Victoria Regia. By Professor L. C. Mraun, B.S. 


4. The Blood-vessels and Lymphatics of the Retina. 
By James Muscrove, M.D., Demonstrator of Anatomy, Edinburgh University. 


‘When we remember that the retina is to the eye what the sensitive plate is to 
the photographic camera, it need hardly be wondered at that nature has provided a 
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special set of vessels to bring to it a stream of pure blood, veins to remove the 
impure blood, and a third set of vessels, the lymphatics, concerned in preserving 
the retina in a state of healthy vitality. 

The retina forms the innermost layer of the eyeball, and in shape is a hollow 
sphere with a hole in front to allow the rays of light to impinge against the 
posterior part of the membrane. It is this shape of the retina that has hitherto 
prevented its demonstration with the oxy-hydrogen lantern, owing to the difficulty 
of bringing the parts into one plane. ‘This difficulty I have, however, overcome by 
carefully stretching the peripheral parts of the retina of the ox and other animals, 
and preparing as a lantern-slide. 

As the central artery appears at the optic dise, it gives to the lower part of the 
retina from two to four branches. Of these branches two pass more or less hori- 
zontally, one going towards the nasal and the other towards the temporal side. 
From these two vessels branches pass right and left until the stem is ex- 
hausted. Those passing upwards from these two vessels pour their blood into a 
region which may be spoken of as the intermediate zone, where only capillaries are 
found. In addition to the inferior branches mentioned, there are generally two 
others passing downwards. These go to the lowest part of the retina. Occasion- 
ally they pass for a short distance as one trunk, which divides into two branches, 
to be distributed, one to the nasal and the other to the temporal side at the most 
inferior part of the retina. The veins accompanying these last two vessels are 
much larger than the arteries, draining the blood from a much more extensive field 
than is supplied by the arteries. After giving off these four branches, the main 
artery courses in an almost straight line upwards and outwards. Sometimes, 
however, it may be seen to be entwined around the corresponding vein once or 
twice. ‘The main stem gives off two or three branches to the temporal side, and 
an equal number to the nasal portion of the retina, and sometimes terminates by 
dichotomous division. The first two branches given off (one on the temporal side, 
the other on the nasal) send twigs downwards to the intermediate zone already 
referred to. In nearly all cases the branches of the artery given to the inner or 
nasal side are larger than those to the outer side, since the inner part of the retina 
is larger in consequence of the point at which the optic nerve pierces the sclerotic 
in the ox. 

When the specimens are shown on the screen with the aid of the oxy-hydrogen 
light, there is brought out very prominently the fact that, as regards the distribu- 
tion of vessels, the retina may be divided into three parts—a lower portion con- 
taining branches of the four arteries and veins already described, an upper part 
containing also large vessels, and an intermediate zone entirely free from large 
vessels except in so far as it is traversed by the main stems of the artery and vein 
in their course to the upper part of the retina, ‘This intermediate zone appears on 
the screen as a wide belt, not unlike a ‘watershed’ in appearance, but when 
examined under the microscope, the part occupied by capillaries only is much nar- 
rower than it appears on the screen. This zone would seem to be the homologue 
of the yellow spot found in the human retina. 

Under the microscope, there is seen, throughout the whole extent of the retina, 
to the very margin of the membrane, a dense capillary plexus. The capillaries 
immediately associated with the arteries differ from those directly connected with 
the veins in that they form irregularly shaped meshes, with the appearance of a 
confused network, whereas those pouring their blood directly into the veins have 
more regularly rhomboidal meshes, and show a general convergence towards the 
yein in which they terminate. 

In addition to the specimens described, I made preparations of the injected 
retina for vertical sections, and found that the vessels lay chiefly in the nerve-cell 
layer, the inner molecular layer, and the inner nuclear layer. Only rarely were 
capillaries found beyond the inner nuclear layer, and they never extended as far as 
the Hae nuclear layer, so that the outer layers of the retina are entirely free from 
vessels, 

From the foregoing account it is apparent that the retina, far from being a 
membrane with a few vessels only, as might be inferred from ophthalmoscopic 
examination, is permeated throughout its whole extent by a dense capillary plexus. 
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5. Remarks on a Series of Extinct Birds of New Zealand, recently discovered. 
By H. O. Forszs, F.Z.8. 


6. Natural Relations between Temperature and Protoplasmic Movements. 
By Jas. Ciark, M.A., Ph.D. 


For every vegetable cell showing streaming movement in the protoplasm there 
is a minimum temperature below which all movement ceases, an optimum at 
which the rapidity of the streaming is greatest, and a maximum beyond which 
movement is impossible. Of these the minimum is of greatest practical 
importance. 

Although we possess many isolated determinations of the minima for various 
plants, no attempt has yet been made to carry out a series of systematic observa- 
tions on the subject. 

As might have been expected, the minimum varies greatly according to the 
nature and the general surroundings of the plant. Thus, of eight species collected 
on the Vincent pyramid of Monte Rosa at a height of over 10,000 feet all showed 
streaming movement in the parenchyma of the stem at 0° C.; of six collected at a 
similar height on the Aletschhorn five gave identical results, the exception being 
LIinaria alpina, The plants, too, that flower on the lower Swiss Alps immediately 
on the retreat of the snows in spring—Soldanella alpina, S. pusilla, Crocus 
verna, Primula integrifolia, Alchemilla pentaphyllea, &c.—all exhibit decided 
protoplasmic movements at 0° C, Similar results are obtained from winter 
seedlings of Stellaria media, Cerastium triviale, and Senecio vulgaris in England. 
The stem parenchyma of most of our farm crops gives a minimum of about 5° C. ; 
for sainfoin (Onobrychis sativa), Lupines, Indian corn, the minimum is from 8° C. 
to 11° C.; for tomatoes about 14° C.; and for the majority of stove plants 18° C. 
or over. 

Such minima are not constant for the same species, but vary according to the 
conditions under which the individual has actually been growing. Cochlearia 
officinalis, growing on our sea coasts, usually gives a minimum of 5° C, to 7° C., 
whereas the minimum for specimens collected on the Horneckalp in the Justisthal 
was about 1° C. Asphodelus albus, on the Riederhorn and at Rawyl in Switzer- 
land, shows a minimum of 2°C., and in its Mediterranean habitats of 7° C. to 
ITOF 

The minimum for the stem parenchyma of So/danella alpina is usually 0° C. or 
lower, but there is a variety found on the lower slopes of the Rigi in which the 
minimum lies between 5° C. and 7° C. 

Seeds of Androsace glacialis, Anemone vernalis, Cherleria sedoides, Draba 
Wahlenbergu, Gentiana bavarica, var. imbricata, G. nana, Saxifraga bryoides, &c., 
collected at a height of 8,000 feet or more, produced plants in the botanical 
gardens at Tiibingen and in the vicinity of the Lake of Geneva, in which the 
minima were from 4° C. to 12° C. higher than in the parent plants. Seeds from 
these garden-grown plants, though capable of germinating freely on the plain, 
rarely did so when sown in the habitats of their mountain ancestors. Specimens 
of Potamogeton marinus from Lake Fully (7,000 feet) showed streaming movement 
in the leaf at 0° C., but, on being kept in the botanical gardens at Tiibingen for six 
months, showed a minimum of 7° C, , 

In the marshes of the Jura, where, in consequence of local conditions, the 
average temperature is very much lower than that of the surrounding country, 
the minima for protoplasmic movements in the stem, and particularly the root, are 
very low. In the parenchyma of the roots of Gentiana pneumonanthe and Swertia 
perennis, for instance, circulation of the protoplasm was well defined at 0° C., and 
in the upper part of the stem was just visible at 2° C. 

The minimum for the cells of the root is, as a rule, lower than for those of the 
ae hp leaves, the difference in some bog plants examined being as much 
as : 
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7. Experimental Observations on the Function of the Nucleus in the Vege- 
table Cell. By Jas. Cuarx, M.A., Ph.D. 


When certain cells are immersed in a 10 to 20 per cent. solution of cane sugar 
a plasmolytic shrinking takes place in the protoplasmic contents, and it often 
becomes possible with careful manipulation to strip away the cell wall and leave 
the rest of the cell intact. When this has been done in the case of Spirogyra and 
Nitella, and of cells from the leaf of Funaria hygrometrica, Elodea canadensis, and 
Vallisneria spiralis, a new cell wall as a rule appears. When the nucleus is 
eccentric the new cell wall makes its first appearance in the proximity of the 
nucleus and gradually spreads over the whole of the protoplast. In Spirogyra, 
for instance, if the nucleus be in the centre of the cell, the new cell wall first 
appears as a girdle round the middle of the somewhat elongated protoplast; if the 
nucleus be at the side, then cell-wall formation begins as a rule at that point on 
the outer surface of the protoplasm nearest the nucleus, and for a variable time 
cell-wall formation is confined to that side of the protoplast where the nucleus 
happeus to be. 

Slight mechanical irritation of the protoplast in Spirogyra at a point near the 
nucleus hastened the formation of the cell wall; or, if the cell-wall formation had 
already begun, caused an increasing thickness in the same. Similar irritation at a 
point remote from the nucleus caused protoplasmic contraction and reduction in 
the complexity of the protoplasmic movements in the neighbourhood. 

By purely mechanical means it is possible, by compressing the cell wall, to 
divide the contents of a cell of Spzrogyra and various other plants into two equal 
parts completely separated from each other, the one half containing the nucleus, 
the other not. The part containing the nucleus functionates exactly as an 
ordinary cell, but is, if anything, more active. In the case of Spirogyra it can 
form a new cell wall, and many, by repeated cell division, grow into a new and 
independent filament, provided the old cell wall be torn to allow its escape. When 
submitted to slight mechanical irritation the nucleated portion usually passes into 
aresting stage. In Spirogyra the part without the nucleus is capable of forming 
starch, occasionally in abundance; and the protoplasmic movements usually 
undergo extensive simplification, well-marked circulation being at times converted 
into rotation. When protoplasmic movements are arrested in the non-nucleated 
portion by the withdrawal of oxygen, they are not restored by the introduction of a 
normal oxygen supply. 

When the tip of a very young root-hair of Yrianea bogotensis is separated from 
the basal nucleated portion the nucleus advances towards the place of separation, 
where the formation of a new layer of cell wall occurs. The nucleus then returns 
to its original position and the hair resumes ordinary growth. In a hair so 
treated the characteristic fountain-like rotation never subsequently appears, though 
in other respects the hair may.be quite normal. 


8. Co-ordination of Cellular Growth and Action by Physical Forces. 
By Francis Warner, M.D. 


Referring to former publications, the author points out the importance of 
studying cellular action, and the attributes, time, and quantity of action, in each 
elemental part of the object observed; this is particularly needful in studying the 
brain. Generalisations from observation of cellular growth are formulated, with 
references to examples of control by physical forces. Co-ordination of growth and 
of nerve-action is alike due to control of the attributes (time and quantity) of the 
elemental parts of the organism, leading to proportion and form of growth, and 
order of nerve-action ; both supply of pabulum and stimulation may bring about 
such co-ordination. 

In children normal proportional growth and normal nerve-action have been 
shown usually to coincide. 

Evidence is advanced that ‘ similar living things under similar conditions of 
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environment—z.e., supply of pabulum and stimulation by physical forces—tend to 
subsequent similar action.’ From the study of growth, movement, and expression 
of mental states, the author suggests that ‘all vital phenomena occur in the parts of 
a living body ; they necessitate not only supply of pabulum, but also stimulation 
by force ; these conditions together are commonly called the environment, and are 
capable in many cases of determining a control leading to subsequent co-ordinated 
action.’ It appears that when once a special combination, or group of ratios of 
growth of parts, has been established by the environment, it tends to recur, and 
may be easily reproduced or called into action, 

The facts accumulated in a report on 50,000 children observed by the author 
appear to confirm these views, showing that defects in development of the body 
are largely co-related with defects of the nerve-system in its power of co-ordination 
and mental function. 

A table showing methods of observation and description of living objects, the 
nerve-system in action, and conditions of children was appended to the paper. 


MONDAY, AUGUST 8. 


The following Papers were read :— 


1. A Sketch of the Scottish Fisheries, chiefly in their Scientific Aspects, 
during the past decade (1882-1892). By Professor W. C. McInrosu, 
FRAS. L. and #. 


At the period with which the present survey begins the pelagic condition of 
the eggs of the food-fishes was little known to scientific men in Britain, though 
Sars and others had described this condition in the eggs of cod, haddock, and 
gurnard, while others had added the eggs of the pollack, bib, pilchard, mackerel, 
&e. The compiaints of the fishermen in regard to the scarcity of sea-fishes caused 
the Government to appoint a Royal Commission about the commencement of this 
period (viz., in 1883) to inquire into the matter, with Lord Dalhousie as chair- 
man. No statistics were then available to show whether the fisheries were really 
diminishing. It was known that larger boats, longer lines, and a larger number 
of men were engaged in the pursuit, so that, even thowrh fishes were abundant in 
the market, it might be that the fishermen of to-day gathered them from a much 
wider area than in former times. Consequently the maintenance of an efficient 
supply might be coincident with an actual diminution. Moreover, shortly before 
this period beam-trawling by means of steam-vessels had been introduced into 
Scottish waters, and further complicated the question, The Commission sifted all 
the matters complained of as fully as was possible, and, after the lapse of seven or 
eight years, Professor McIntosh did not think that any change of importance can 
be made in their carefully drawn conclusions. 

Shortly afterwards the Fishery Board for Scotland, acting on the authority 
obtained through the Commission, closed certain waters against beam-trawling— 
viz., St. Andrews Bay, Aberdeen Bay, and the Forth—and procured a small 
steam-vessel (the Garland) for scientific experiments, and especially to inquire 
whether beam-trawling is an injurious mode of fishing, Stations were arranged 
for in the various areas, and in 1886 a commencement was made. 

In examining the elaborate statistics, carefully drawn up by the Fishery Board, 
on the trawling experiments of the Garland, the author varied the mode of 
drawing deductions from them; in short, they were handled as in the report for 
the Royal Commission, the fishes captured being divided into two groups—yviz., 
saleable and unsaleable—and St. Andrews Bay, about which most is known, 
alone considered. Without going into detail, these statistics show considerable 
variation. In 1886 twenty-one hauls of the trawl gave 1,792 saleable and 1,186 
unsaleable fishes, or a total of 2,978. In 1887 the same number of hauls produced 
2,649 saleable and 5,525 unsaleable, or a total of 8,174, or more than twice the 


TRANSACTIONS OF SECTION D. 763 


number obtained in 1886, and no notice was taken of the very large number of 
plaice captured by the liners. In 1888 twenty-five hauls gave 6,219 saleable and 
only 594 unsaleable, and of the latter no less than 436 were dabs and 135 plaice. 
In 1889 thirty-five hauls of the trawl gave 6,026 saleable and 1,004 unsaleable, 
or a total of 7,030, a considerable diminution on the previous year. In 1890 thirty 
hauls produced 6,421 saleable and 2,247 unsaleable, or a total of 8,668. During 
1891 ! thirty-three hauls gave 3,672 saleable and unsaleable 1,661, or a total of 5,335. 

These results were then contrasted with the condition of the bay in 1884, and 
the differences in regard to the fishes captured by the various kinds of trawl (large 
and small) pointed out. The bay in 1884 contained a very considerable number 
of fishes, notwithstanding that, so far as man could, it had been swept for many 
years by fleets of sailing trawlers and by liners, and for several years by large steam- 
trawlers. The closure of the bay has not been followed by the growth of teeming 
multitudes of flat and round fishes; but, as pointed out in the Trawling Report, 
the large flat fishes occur mainly in the offshore waters, the smaller forms 
migrating outward as they grow older. Conversely the pelagic eggs, larvee, and 
very young are borne shorewards. In regard to the large captures of plaice by 
the liners, it was explained that, having undisturbed possession of the bay, three 
sets of lines are used, and special exertions made to procure bait. The local 
benefits of the closure to the fishing community are undoubtedly great. 

The increase in our knowledge of the development and life-histories of the 
British food-fishes was then dwelt on, and a list of these, for the first time hatched 
and reared at the St. Andrews Marine Laboratory, was given, together with others, 
the eggs or young of which had been partially examined. Between fifty and sixty 
species of fishes had been thus studied. Moreover, last season the comparative 
number of the various kinds of pelagic ova had been examined on the different 
areas in which the Garland worked. 

Another feature of the decade has been the agitation concerning mussels for 
bait, an agitation arising from the increased price and diminished production. The 
advantages of the bed-system of management were pointed out, and the failure of 
the bouchot-system mentioned. 

The workers who have contributed to the increase of our knowledge of the 
development and life-histories of fishes at St. Andrews were next alluded to—viz., 
Professor Prince, Mr. Holt, Professor Burdon-Sanderson, Mr. Gotch, Dr. Scharff, 
Dr. Marcus Gunn, Professor Cleland, Messrs. Pentland Smith, Teviotdale, Corbyn, 
Collinge, and others. 

The valuable work done by the Fishery Board was then noticed, both in 
connection with the Garland and other departments. Amongst those who have 
published contributions to the annual reports are Professors Ewart, Greenfield, 
and Stirling; Messrs. Duncan Matthews and Calderwood; Dr. Fulton (the 
scientific secretary of the Board), Dr. Fullerton, Dr. Beard, Dr. R. H. Mill, 
Pk Gibson, Messrs. Hoyle and Ramsay Smith, Mr. Anderson Smith, and Mr. Thos. 

cott. 

Finally various suggestions were made for the improvement of the Scottish 
fisheries in regard to marine food-fishes, mussels, and fresh-water fishes. 


2. On Sea Fisheries, By Professor J. Cossar Ewart, F.R.S.L. 


3. On the Destruction of Immature Fish, and a Discussion on Remedial 
Measures. By the Staff of the Marine Biological Association. 
Part I. Introductory Statement. * 
By W. L. Catperwoon, Director M.B.A. Laboratory. 

The various conferences which have been held by the National Sea Fisheries 
Protection Association, and by representatives of the fish trade alone, have all had 
before them the question of the depletion of our sea fisheries. It has, in point of 
fact, always formed one of the most important subjects under discussion. 


«1 This year is available only by the courtesy of the: Fishery Board for Scotland. 
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In considering remedial measures necessary to the proper preservation of extra- 
territorial fisheries, the conference have considered the question from only one 
point of view, viz., that of prohibiting the capture and sale of what are termed 
‘undersized’ flat fish. 

It is an undeniable fact that within recent years a market has opened for the 
sale of these small fish, and that, in addition to this, modes of fishing are allowed 
which, carried on in certain localities, tend to the destruction of many fish even 
too small for the market. 

The outcry against such procedure is very ancient, and has in past years led to 
legislation in this country; and at the present day in France and Denmark fish 
are not allowed to be sold under certain sizes. 

In England the Act 1 Geo. I. stat. 5, cap. 18, established the following sizes, 
the measurements being from the eye to the end of the tail :— 


No Bret or Turbot : : A . under 16 inches 
No Brill or Pearl . . . : : 5 14 inches 
No Codlin, Bass, or Mullet . 3 : » 12 inches 
No Sole, Dab, or Plaice : : “ 8 inches 
No Flounder. : : : : : + 7 inches 
No Whiting . 3 , s , 4 be 6 inches 


Subsequently (by 22 Geo. II. cap. 49) a relaxation was made in fayour of 
undersized fish if caught by a hook. Ata later date this exemption was repealed, 
but ultimately (by 33 Geo. II. cap. 27) turbot and brill were altogether exempted 
trom the list of undersized fish. 

Finally, the Sea Fisheries Act of 1868 (51 and 82 Vict. cap. 45) abolished all 
restrictions on deep-sea fishing. The agitation almost immediately recommenced, 
and has been mentioned continually in official reports up to the present day. The 
question is therefore not a new one, but rather the repetition of an old-standing 
grievance, 

Mr. Fryer, Inspector of Fisheries to the Board of Trade, in bis Fifth Annual 
Report (1891), after discussing the difficulties in the way of restricting the size of 
mesh in nets, particularly those used for shrimping, suggests that ‘a simple 
prohibition of any method of fishing could be much more easily enforced than a 
regulation involving constant watching and measuring, and further remarks: 
‘The application, of this principle to extra-territorial waters by means of an 
international agreement, and the adoption of a regular system of closing and 
opening certain areas in rotation, would probably secure fuller advantages than 
could be derived from any other method of protection in this respect.’ 

T give this extract in passing, since it shows, although on an entirely different 
system, a proposition to deal with this difficult question which is regarded with 
fayour by many. 

{ shall now give the conclusions arrived at by the conference held in February 
of this year in the Fishmongers’ Hall, since they may be considered the most 
highly revised. 

I shall then give reasons why, in my opinion and in the opinion of my two 
colleagues, Mr. Cunningham and Mr. Holt, these sizes are quite unsatisfactory. 

By resolution passed on February 25, after discussion and reference to a com- 
mittee on the previous day, the following sizes were determined on :— 


Sole ° ; : : y a ‘ ; 10 inches 
Turbot . : 5 E a F ; ; 12 inches 
Brill q . 4 = ‘i : Z : 12 inches ‘ 
Lemon Sole . ‘ : ‘ ; ; 10 inches 
Plaice . ‘ ; - F 5 3 ‘ 11 inches 


At the commencement I would point out that these limiting sizes were agreed 
upon by the majority of the members present at the conference merely because 
they were the sizes which appeared to them best for preventing the sale of very 
small fish, and thus preserving them until they have reached a fair marketable size. 

In our estimation the framing of this resolution is of almost no value, since its 
only point of recommendation is that fish at, or above, the sizes given fetch a 
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better price in the market than fish which are smaller. It takes no account of the 
question as to whether or not these fishes have ever spawned, and so contributed 
to the natural supply or up-keep of their species. 

Our contention, therefore, is that, in all resolutions in which the line between 
marketable and undersized fish is drawn, that line should be the one separating, 
at the same time, the sexually mature and the sexually immature fish; and, 
further, that no protective measure of the kind referred to can possibly be of any 
ultimate value unless the fish are protected till after their first spawning season. 

Further, Dr. Fulton’s investigations have shown that, taking flat fishes as a 
whole, females are much more numerous than males. A matter of equal, if not 
greater, importance is the statement that, without exception, males were found 
ripe at a smaller size than the females. 

Thus Fulton’s figures show that in 23 males and 45 females (taking the turbot 
as an instance) the average length in inches of males is 16:85, in females 20°83. 

It would appear clear from these observations, which have been verified over 
and over again, that if any resolution dealing with the capture and sale of immature 
fish be based upon the sizes at which the females alone spawn for the first time, 
the smaller male fish, which are also less numerous, need not be taken into 
consideration, since in proportion they will be protected to a greater extent than 
the females. 

This opinion is held by Mr. Holt, Mr, Cunningham, and by myself, but Dr. 
Fulton still inclines to include males. 

The appended table is arranged so as to compare the results from the four 
districts mentioned, and includes also the sizes agreed on at the last fishery 
conference. 

It is necessary to mention each district separately, since the sizes at which the 
various species become mature differ very considerably on the different coasts. 


Name of Fish North Sea S, ane al Plymouth se dan Conference 
Sole . H : 12 — 10 12 10 
Turbot , : 18 18 — 17 12 
Brill . é : 15 16 — 15 12 
Plaice : : 17 (15) 12 12 15 or 16 11 
Lemon Sole 5 il 8 8 8 10 


The figures under heading E. of Scotland are from Dr. Fulton’s reports, those 
marked North Sea from Mr. Holt’s. The W. of Ireland figures are also furnished 
by Mr. Holt, but owing to a confusion in some of the records from which these 
were derived these sizes are given with some reserve. 

It must be recollected that Dr. Fulton’s figures include male as well as 
female fish. 

The size of Plymouth fish are given in each case a little above that of the 
smallest specimens found mature, thus allowing for variation of individuals. 


Parr If. On the Relation of Size to Sexual Maturity. (i) North Sea Grounds. 
By Ernest W. L. Horr. 


I append a series of tables in support of the size-limits prepared for this area, 
giving the results of the examination of a number of fish at what appear to be 
the critical sizes. 

I have used the term ‘immature’ to denote fish in which the testes or ovaries. 
show no signs of reproductive activity, and which, to the best of my belief, have 
not reproduced their species in any previous season. an ee. 

In the case of most species I find little difficulty in distinguishing between 
immature fish and such as have already spawned, since in the case of the latter the 
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new crop of ova commences to mature as soon as, or even before, the old crop has 
been ejected. Moreover some of the old ova are invariably retained in the ovary, 
and their presence is perceptible even several months after spawning. In some 
species, also, the ovary, on maturing, grows backwards, and thus assumes new 
topographical relations which it never again entirely loses. 

It has been suggested that confusion may occur between immature females and 
females in which the ovaries, having once fulfilled their function, have reverted to 
a condition of rest. I can find no evidence that the latter condition is ever 
realised—at all events amongst marine Teleosteans. 

In distinguishing immature females from such as are just commencing to 
approach ripeness, I find the most easily recognised microscopical feature in the 
relative translucency or opacity of the ovum. 

In immature fish the condition and size of the ova are not materially influenced 
by the size of the individual in any species, but at the first approach of sexual 
activity an opacity manifests itself, under the microscope, in certain of the ova, and 
brings about changes in the appearance of the ovary, which, after some experience, 
are easily recognisable by the naked eye. 

The changes in the ovum which bring about this opacity are familiar to students 
of ovarian development. 

Male fish being of comparatively small importance in the present connection I 
have not devoted much attention to the minute anatomy of the testis, but it 
presents certain well-marked external characteristics which serve to distinguish 
the different conditions. 

The table of comparative size-limits suggests a close relationship between the 
absolute size of a species and the size at which maturity is attained by that species 
in different districts. 

Rate of growth being doubtless related to absolute size, it must be presumed, 
in view of Cunningham’s researches, that there is a constancy in the age at which 
maturity is reached in all districts. 

Most of the observations embodied in the tables were made during the spawning 
season. 


EXTRACTED FROM THE TABLES. 


Common Sole. 


Smallest ripe male Largest immature male Smallest ripe female 
9 inches. 11 inches. 10} inches. 
Largest immature 
12 inches. 
Turbot. 
Smallest ripe ¢ Largest immature g Smallest ripe 9 Largest immature & 
2 inches 14 inches. 18 inches. 19 inches. 
Brill. 
Smallest ripe g lLargestimmature ¢ Smallest ripe 9 Largest immature 2° 
12 inches. 14 inches. 15 inches. 18 inches. 
Plaice. 
Smallest ripe ¢ Largest immature g Smallest ripe 2 Largest immature 9 
6 inches 15 inches. 13? inches. 19 inches. 
Lemon Sole. 
Smallest ripe ¢ Largest immature ¢ Smallest ripe 9 Largest immature 9 | 


6 inches 8 inches 10 inches. 12 inches, 
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(ii) Plymouth District. By W. 1. CaArpERWwoop. 
EXTRACTED FROM THE TABLES. 
Sole. 


Smallest mature ¢ Largest immature ¢ Smallest mature ? 
8} inches. 10 inches. 10 inches. 
Largest immature @ 

9 inches. 


Plaice. 


Smallest mature ¢ Largest immature g Smallest mature 9 
8 inches. 12 inches. 11 inches. 
Largest immature 2 
11 inches, 


Lemon Sole. 


Smallest mature ¢ Largest immature ¢ Smallest mature 9 
7 inches, 2 7 inches. 
Largest immature 9 
7 inches. 


No immature males observed. 


At Plymouth turbot and brill have become so scarce and expensive that I 
have only been able to examine a few. All were males, and therefore of little 
importance. 

Mr, Cunningham considers 12 inches a better size for the sole. In other respects 
he appears to agree with the sizes I have suggested in the comparative table. 


Part Ill. The Protection of Immature Fish. 
By J.T. Cunninenanu, M.A. 


I. Tue Limit or Size FoR BACH SPECIES. 


My researches have been directed more to the question of the rate of growth 
and to the age at which maturity is reached than to the size of specimens taken at 
sea. 
I have found, in the case of the flounder, that of a large number of specimens 
reared in captivity none became ripe when one year old, although a few reached 
the size of the smallest mature specimens, 7.e., a length of 7 inches. In the second 
spawning season from that in which they were hatched a proportion, viz., 19 per 
cent., became ripe and spawned. The rest did not become mature at two years 
old. 

The results of this research, which I wish to emphasise, are two. 

(1) That an adult or sexually mature fish is at least two years old, and more 
probably three years, while an average sized adult is usually four years old or 
more. 

The importance of this fact is that it shows how easily the supply of a valuable 
fish may be diminished by over-fishing. A turbot, for instance, produces a very 
large number of eggs, from which comparatively few larvae safely pass through 
their metamorphosis, and even after this the young fish have to find food and 
ow enemies for three or four years more before they reach the average size of 
fish brought to market. 

(2) That the size of the smallest ripe fish is not the only point to be considered’ 
in fixing the limit below which the young fish require to be protected. 

Assuming that a fish ought not to be killed before it has been able to reproduce 
itself and leave progeny to take its place, it must be remembered that while one 
specimen of a female flounder which is 9 inches long may be two-and-a-half years 
old, and have already spawned once, another which is 10 inches long may be only 
one-and-a-half year old, and have never spawned at all. 

The limit fixed should therefore, in order to exclude all immature females, be 
somewhat higher than the size of the smallest (ripe) females observed. 
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II, THe BeNEFIT OF THE PROPOSED RESTRICTIVE LEGISLATION. 


If the destruction of all fish which had not spawned at least once could be suc- 
cessfully prevented the benefit would be indubitable, and the permanent produc- 
tiveness of the sea fisheries would be assured. 

But it is by no means certain that the prohibition of the sale of fish below a 
certain standard will prevent the destruction of such fish. All that can be said is, 
that it may be hoped that when the sale of such fish is made illegal the trawlers 
will avoid catching them as much as possible, and when they do catch them will 
throw them overboard. 

(1) Can fishermen avoid catching them by ceasing to fish in certain areas? 
Are the small fish especially abundant in certain places ? 

There is evidence in Dr. Fulton’s reports and my own that young plaice, sole, 
turbot, and brill haunt shallow waters, and in summer occur close inshore. It is said 
that the young of these kinds haunt shallow eatra-territorial water on the east 
side of the North Sea. I cannot speak of the North Sea, but I know something of 
inshore trawling for small fish, especially soles and turbot, and this mode of fishing 
would be practically stopped by the proposed legislation. 

On the other hand, it has been proved that the young of the lemon sole, megrim 
(or sale-fluke), long rough dab, and witch are never found in shallow water or near 
the shore, but prefer deeper water even than the adults. 

(2) Can fishermen avoid catching the young fish by enlarging the mesh of the 
trawl P 

J think to a great extent they can. If the mesh at the cod end, at present 14 
inch square, were enlarged to 3 inches square, more small fish would escape ; the 
net would not be so liable to be choked with débris, and so kill the fish. 

It is probable that if the proposed legislation were carried out the men would 
enlarge the mesh of their own accord, if recommended to do so. 

(3) When young fish are caught and thrown overboard, will they survive ? 

From Dr. Fulton’s experiments and my own experience I think it is clear that 
a proportion of the fish will survive, and equally clear that a good many will be 
killed. This applies to deep-sea trawlers. 

The proposed legislation would cause shrimpers and ground-seiners to throw 
back the young fish they had caught, and if this were done at once as soon as the 
net was hauled the young fish would survive. 


III. Orner MBASURES FOR THE MAINTENANCE OF THE FisH Suprty. 


It has been abundantly proved that a close time is absolutely no use, even if it. 
were practicable. 

But on the other hand close places may be of the greatest benefit. 

If fishing could be prevented in certain defined areas where young fish congre- 
gate, those young fish would live in security to supply large fish in the future. 

It might also be possible to prevent fishing in certain areas where full-grown 
fish are abundant, in order that these might form permanent reserves in which 
there would always be abundance of mature fish spawning. 

It might further be possible to prohibit trawling for a given number of years 
on exhausted grounds, to give them time to recover their productiveness. 

Such measures as these could only be considered by a permanent fisheries com- 
mission composed of experts, such as exists in France, a central commission for the 
whole kingdom, as distinguished from the district committees. 


Part IV. (i) On the Destruction of Immature Fish in the North Sea. 
By Ernest W. L. Horr. 


We have long been familiar with the fact that immature fish of valuable food- 
species are destroyed in dangerously large quantities, 

From time to time efforts have been made to ascertain the conditions that 
govern such destruction and its approximate extent, 


TRANSACTIONS OF SECTION D. 769 


The earliest of these was the Scotch Trawling Commission, the carrying out of 
which was fortunately entrusted to Professor McIntosh, then, as now, our highest 
authority on the scientific aspects of sea fisheries, and his report may be regarded 
as the classic of the subject. 

More recently Dr. Fulton has been able to give us much valuable information 
as to the distribution of immature fish on the various grounds accessible to the 
Garland, and my colleague, Mr. Cunningham, has dealt with the same subject 
in the Plymouth district. 

The results attained by the Royal Dublin Society’s survey of the west coast of 
Ireland fishing grounds appeared early in the present year, my reports being 
arranged as far as possible on the model of those put forth by Dr. Fulton. 

From their very nature, however, none of the observations gives us any idea of 
the total amount of destruction that is actually caused by any one practical fishing 
industry on any one coast. 

Indeed, beyond a few vague statements, made at fishery conferences, &c., we 
have only Dr. Fulton’s estimate of the numbers of small tish captured (though not 
destroyed) by the small fleet of shrimpers in Solway Firth. 

I propose in the present paper to give such observations as I have been able to 
make on the actual quantity of undersized fish that have been landed at the port 
of Grimsby during the present year. 

I shall limit my remarks to plaice, turbot, brill, and soles. 

Plaice.—As may be seen from the comparative table, I consider that 17 inches 
is the average size at which female plaice spawn for the first time, and, therefore, 
the biological limit between mature and immature fish. 

On every North Sea ground with which I am acquainted a proportion of the 
plaice fail to reach that standard ; but at present I shall confine myself to the dis- 
cussion of fish landed from those grounds where only small fish are to be found. 

Moreover I shall not make use of the biological limit, but shall use the term 
‘small’ in the sense in which it is understood by fishermen and fish merchants. 

The appended figures refer, therefore, to fish which are undersized in every 
sense of the word. 

The quantity is certainly not exaggerated ; indeed, it is probable that a number 
of boxes have escaped my notice altogether, whilst I have omitted from considera- 
tion numbers of boxes which, though containing chiefly small fish, have yet had a 
few fair-sized ones arranged on the top. 


There were landed at the port of Grimsby— 


During April c 2 : : . 1,826 boxes of small plaice 
” May . . . . . . 830 ” ” ” 
” June . . . . . 3,470 ” ” ” 
” July . . . . . . 2,059 ” ” bb) 
Total for the four months . . 8,195 boxes. 


In addition 155 large packing cases of small fish, caught by Danish boats, were 
brought to Grimsby market by cargo steamers. 

The sizes of fish in the above boxes range from 6 or 8 inches up to a maximum 
of 15 inches, but in the majority of cases do not exceed 13 or 14 inches, or very 
frequently even 12 inches. 

A boxof such fish containsabout 800 fish, more or less, weighing about nine stone. 

To he far on the safe side let us take 250 fish as the number in a box, giving us 
a total for Grimsby smacks of 2,048,750 fish, or in round numbers 2,000,000. In 
all probability the actual number is not Jess than 2,500,000, : 

The packing cases contain about 200 fish, which gives us a total of 31,000 fish, 
sent over per cargo boat by foreign fishermen. 

Thus we have direct evidence that at the lowest possible computation the con- 
signments of exclusively small plaice landed at Grimsby from April to July reached 
a total of 2,079,750 fish. 

I do not know whether the numbers I have given will appear surprisingly 
large or surprisingly sma!l, 
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In any case we have to consider that the fish landed at Grimsby represent only 
a tithe of those brought ashore by the whole of the North Sea boats. 

As a matter of fact only a single small ‘fleet,’ of about twelve sail, has been 
working the small fish grounds from Grimsby during the present year. 

Only one steam-trawler, so far as I know, has regularly worked these grounds, 
though a good many others have made occasional trips to them. The balance of 
boats bringing in small plaice has been made up by a certain number of sailing smacks, 
‘ single-boating,’ and working the small fish grounds with more or less regularity. 

Now from Hull alone two large fleets, each of about 250 sail, have been on 
these grounds during the present fleeting season, as has also the large fleet from 
Yarmouth, Lowestoft, and Barking. 

Certain of the Hull and Boston steam trawlers have also visited the grounds 
from time to time. 

The grounds alluded to lie along the Dutch, German, and Danish coasts, off the 
islands of Terschelling, Schiermonnikoog, Nordevey, Heligoland, and Sylt, off the 
Horn Reef, and along the Danish coast as far north as Haustholm. 

It may he said at once that the greater part of all these grounds lies outside the 
territorial area. Some of them are 14 or 15 miles from land, and in one case the 
small fish extend even 40 miles from the coast. At the same time the productive 
area of some grounds extends as close inshore as the vessel dare go. 

Besides the small plaice landed, great numbers ave caught, especially on the 
grounds last referred to, which are too small to meet even the modest require- 
ments of the present market, and it may be assumed that as trawling is at present 
conducted nearly the whole of such small fish are destroyed. 

Destruction by Foreign Boats.—Besides the large British trawlers, there are a 
certain number of small boats of Dutch, German, or Danish nationality which are 
engaged in the small plaice trade. 

On the whole, I think the damage inflicted on the fishery in this manner is com- 
paratively small, since the German and Danish boats are careful to return the fish 
which are too small for market uninjured. 

Our own fishermen agree that the share taken by foreigners in the destruction 
of immature fish is insignificant. 

The German steam trawlers appear to avoid the small fish grounds altogether. 

Turbot.—Besides the small plaice, the grounds whichI have been referring to 
yield large catches of turbot. The bulk of these are immature. 

Thus in June the aggregate of thirty-one catches was 4,623 fish, The propor- 
tion of undersized fish amongst these was 82 per cent. 

During July eighteen catches comprised 2,4:35 fish, the proportion of small being 
69 per cent. The diminution is probably explicable by the fact that the inshore 
parts of the grounds, chiefly frequented by the very small fish, became less pro- 
ductive in that month. 

A certain number of immature turbot occur on all grounds frequented by the 
species, but I found that the aggregate of fish in the market during ten days before 
the regular opening of the eastern grounds season comprised only 30 per cent. of 
small. 

Brill.—Contrary to the statements that have been made on this subject, I find 
that the proportion of immature brill landed from the eastern grounds is entirely 
insignificant. It is not sufficiently recognised that the brill is a smaller fish than 
the turbot, and matures at a smaller size. Most of the immature brill which I 
have seen came from the Lincolnshire coast. 

Soles.—I do not think that the proportion of immature soles now caught on the 
eastern grounds is a high one, though there is evidence that in former years, when 
the boats went closer to the shore, great numbers were destroyed. 

There is a fishery, ostensibly shrimp trawling, in the Humber, and though the 
number of fish caught in this way is not large nearly all are immature. 

The use of a fish-trawl in the Humber is prohibited, but it is possible that the 
law is frequently evaded. 

Undoubtedly there is considerable destruction of immature fish, chiefly plaice, 
hut also including other forms by the various methods of inshore fishing practised 
in the Humber, but I do not propose to deal with that subject here. 
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(ii) On Remedial Measures. By Ernest W. L. Horr. 


Various measures have been put forward for checking the destruction of small 
fish and renewing the fish supply generally. They may be classified as follows :— 

(1) Prohibition of sale or possession of undersized fish. 

(2) Closing of grounds frequented by small fish. 

(3) Regulations affecting size of mesh. 

(4) Close seasons. 

(5) Artificial rearing. 

Of these various methods I am inclined to consider that the first is likely to 
yield the most important results, since its enforcement would practically carry with 
it the closing of the grounds on the eastern part of the North Sea, where, as L have 
shown, by far the greater part of the damage is done. 

Indeed, I believe that the prohibition of sale or possession of undersized plaice 
alone, or at most of undersized plaice, turbot, and sole, would render these eastern 
grounds so unprofitable that they would be entirely deserted by trawlers. 

It is absolutely necessary, however, that the size limits should be higher than 
those proposed at the Fishery Conference. Indeed, in the case of turbot and brill 
I cannot understand why a limit of 12 inches should ever have been proposed, 
since, as the number of turbot and brill below that size which are landed at 
Grimsby is quite insignificant, the matter is practically left in statu quo. 

In the case of the plaice I do not consider that it is absolutely necessary that 
the limit of 17 inches should be enforced, although, as I have shown, that is the 
natural or biological limit. 

A limit of 15 inches would be high enough for the purpose, since all but a very 
few of the fish on these eastern grounds fail to reach that size. 

It is the certainty of being able to pay his expenses by the sale of these small 
fish that induces the trawler to visit these grounds, since the amount of other fish 
taken there is utterly insufficient for the purpose. 

The grounds lying without the territorial limits could not be closed without 
international arrangement, and even if that could be attained I believe that it 
would be practically impossible for cruisers to watch the grounds, great part of 
which lies altogether out of sight of land. Indeed, I am not aware that they find 
the enforcement even of such restrictions as already exist an easy task. 

I consider an indiscriminate closing of the territorial area altogether inadvis- 
able, since the distribution of young fish in relation to this area is by no means the 
same on all coasts, being largely affected by physical conditions, chiefly those of 
declivity. 

I agree with Dr. Fulton in considering that no restriction of the mesh can be 
alone efficient in protecting undersized fish, though no doubt some good can be done 
in that way. 

Such restriction should, in my opinion, take the form of an alteration of the 
pattern rather than any great enlargment of the mesh. Thus it is my experience 
that by substituting a square mesh for that at present in use, or by simply turning 
the mesh across, so that the strain of the trawl meets with the greatest imstead of 
the least possible resistance offered by the knots of the mesh, much less small fish 
are captured. 3 

Further, since the loophole of escape, if any, presents itself to the fish in the 
cod-end of the net, the alteration need affect only that portion, and thus would 
entail the minimum of trouble and expense to owners of nets. 1B Scan 

I have already suggested that when a spawning ground lies within the juris- 
diction of fishery authorities, such part of it as best offers itself to the watchful- 
ness of the authorities might advantageously be reserved as a sanctuary for 
spawning fish during the season, but Ido not see that any other form of close 
season is practicable. 

I do not know of any North Sea spawning ground that fulfils the above re- 
quirements, though some exist on the Irish coast, and probably on the west coasts 
of England and Scotland. 

With regard to the culture of sea-fish it appears to me that we should concen- 
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trate our efforts on the more valuable kinds of flat fish, especially turbot, brill, and 
soles, since the results, if successful, would be of infinitely greater value than an 
increase in the supply of such forms as the cod. I do not, however, believe that 
any success we may attain in this direction will justify us in neglecting the protec- 
tion of undersized fish. 


4. The Food of Fish. By W. Ramsay Surrn, B.Sc., M.B., O.M. 


This paper gives a summary of four annual reports made by Dr. Ramsay Smith 
to the Fishery Board for Scotland. The reports were made from materials col- 
lected by the naturalists of the Board. The paper deals only with the most im- 
portant fish of the Firth of Forth and St. Andrews, and gives the results of the 
observations made there during four years, irrespective of stations and seasons of 
the year. The statistics are so extensive as to reduce the limit of the errors of 
observation to such an extent as allow general conclusions of a trustworthy 
character to be drawn now for the first time from those observations, 

The species of fish and the numbers examined are as follow :— 

1. Firth of Forth: Plaice, 1,205; lemon soles, 821 ; common dabs, 1,211; long 
rough dabs, 1,512; witch soles, 217; flounders, 75; gurnards, 726; cod, 727; 
haddocks, 874; whitings, 1,050. Total, 8,418. 

2. St. Andrews Bay: Plaice, 726; common dabs, 567; long rough dabs, 94; 
gurnards, 407 ; haddocks, 132; whitings, 187. ‘otal, 2,063. 


5. Notes on Teleostean Development. By E. W. L. Hott. 


Various forms are dealt with in the paper, but the feature of chief interest was 
the description, for the first time, of the ovum and early larva of the turbot 
(Rhombus maximus). The ovum has a diameter of about 1:01 mm., that of the 
single oil-globule being about -21 mm. The larva, which is hatched in about 
eight days, in summer, is characterised by the ventral position of the oil-globule, 
and especially by the extremely brilliant rust-coloured pigment. Black pigment is 
also present, but in less quantity. 

The ova, which are pelagic in their early stages, display a tendency to sink at 
a variable period before hatching takes place; a condition which may throw diffi- 
culties in the way of the artificial propagation of this species, 


6. The Effect ef Sea Water on the Vitality of the Salmon Fungus. 
By A. P. Sway. 


7. On the Formation of Argenteous Matter in the Integument of Teleosteans. 
By Professor E. EH. Prince. 


During larval life the integument of Teleosteans is of a very simple character, 
and consists of two layers, an ectodermal external layer (epidermis) in which an 
outer corneous layer can be made out, and an inner mucous stratum, the latter 
generally several cells deep and giving origin to enlarged mucous cells; while 
internal to the epidermis is the mesodermic layer or true cutis, out of which the 
scales are developed. Below the mesoderm layer the muscle masses occur. In 
many young bony fishes this mesoderm layer is represented by a stratum of 
granular plasma, which takes a deep tint in stained preparations; and it is limited 
internally by a thin layer of flattened cells in which large pigment corpuscles occur. 
In such diverse forms as the Gadoids, Labrus, Anarrhichas, &c., this layer of 
granular plasma is well marked, and in it the fibrillated substance is formed to 
which the integument of many fishes owes its silvery lustre. In the mackerel 
midge, now known to be the small post-larval stage of certain species of Motedla, 
this deposit of fibrillated matter is noteworthy. In a specimen ;'; in. long its 
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thickness is greater than that of the other layers of the integument, and in an 
example ,% in. long the deposit of silvery matter is so great as to form a layer 
along the sides of the trunk five times the depth of the epidermis external to it. 
In the species named the silvery matter is very precociously developed, and the 
presence of long spindle cells amongst its fibrous strands suggests that it may arise 
from the lengthened cells of the deeper layer of the dermis. If not, then it is 
merely a fibrillated condition of the mesodermie plasma, in which stray cells of the 
dermis occur. This peculiar matter arises below and independent of the scales 
which are formed as protrusions of the outer dermal layers. 


8. The Development of the Pharyngeal Teeth in the Labride. 
By Professor EK. EK. Prince. 


The wrasses are all characterised by the presence of toothed grinding plates in 
the pharynx. Below the pharyngeal epithelium, which is six or seven cells deep, 
the mucous layer cells form rounded dental sacs in which four distinct portions 
can be distinguished at an early stage, viz.: (1) an enclosing layer of flattened 
cells; (2) a single layer of nucleated round cells; (3) a columnar layer of enor- 
mous gland-cells, each with an eccentric nucleus, and secreting at the lower or 
proximal end a clear homogeneous substance, similar to the osteoid matter, which 
largely clothes the skeletal cartilages of post-larval Teleosteans ; (4) a papilliform 
mass of rounded cells, representing the pulp-cavity of typical teeth. The last-named 
layer secretes a granular substance which stains deeply, and constitutes an inner 
cone of the developing tooth. This inner cone is soon covered with a clear coat 
of osteoid matter, except_at the acuminate tip, and the large gland-cells are active 
in forming the clear non-staining matrix. The tooth lengthens, and by the time 
that it pierces the pharyngeal epithelium it forms a lengthened conical structure 
of clear matter, enclosing in its upper half an inner deep-staining cone which con- 
tinues into the apex. Where the inner stained cone ceases a thickened stained 
band occurs encircling the whole tuoth. Compound teeth occur with two or more 

ointed projections, and at their bases the teeth become attached below to the 
asi- and hypo-branchial cartilages and to the epibranchials above. The mucous 
layer of the pharyngeal wall is crowded with dental sacs at various stages of 
development. 


9. On the Skin of the Hedgehog. By E. W. Caruter, M.D., B.Sc., F.R.MS., 
§c., Senior Assistant to the Professor of Physiology in the University of 
Edinburgh. 


Skin of Dorsal Surface.—When the spines are clipped off, the skin is seen to 
be of a dull leaden colour and very rugose; the spines spring from depressions 
between the rugosities. The skin is very firmly attached to the sub-dermal 
structures. 

On section it is seen to consist of a thick layer of dense fibrous tissue thrown 
into irregular elevations, over which a very thin epithelium is evenly arranged, 
which also passes downwards to form the sheaths of the spines. Beneath the 
fibrous tissue is a skin muscle of some thickness. There are neither sweat nor 
sebaceous glands in connection with the spines, but often a great development of 
adipose tissue beneath the muscle. 

The epithelium exhibits only two layers, a stratum corneum of little thickness, 
and a rete Malpighi only two or three cells in vertical extent. The stratum 
lucidum and stratum granulosum are both absent. The mucosa consists of thick 
wavy bundles of connective tissue, with which are mingled near the epithelium 
considerable numbers of pigment cells. There are few blood-vessels in this dense 
tissue, but a free percolation of }ymph. 

The panniculus carnosus consists of striped muscle of the usual type, and is 
often of great thickness, 

The spine follicles are situated in the cutis vera, and are of large size. The 
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thin neck of the spine soon widens out into a hemispherical root, the convex in- 
ternal aspect of which is indented by a small vascular papilla. The sheath of 
this root consists of epidermic and of dermic coverings; of the latter nothing need 
be said ; the former presents two layers, an outer and an inner root sheath, which is 
not subdivided into several layers of cells. A large fan-shaped arrector pili 
muscle is attached to the dermic coverings ; it consists of non-striped fibres firmly 
attached, for the most part, to the deeper layers of the rete mucosum. In the 
neighbourhood of the spine is a fine capillary plexus ; there appear to be no special 
nerve end organs, though tactile impulses are conveyed in some way from the 
spines to the brain. 

The ventral region gradually passes into the dorsal at the sides of the animal. 
The skin is much thinner, less rugose, and less firmly attached to subjacent 
structures than that of the dorsum; it is covered with hair, and contains both 
sweat and sebaceous glands. 

The epithelium is similar to that of the dorsum. 

The cutis vera is thinner and finer than that of back, very vascular, and 
contains much adipose tissue. 

The panniculus carnosus of striped muscle is thin, and exhibits some fibres in 
a more or less embryonic condition. 

The sweat glands, situated deeply in the cutis vera, are lined by a single layer 
of cells surrounding a central lumen; the non-striped muscle fibres between them 
and the basement membrane are inconspicuous or wanting. The ducts are lined 
by a single layer of cells. 

The hair follicles are similar to those of other animals; the arrector pili muscle 
and sebaceous glands are large. 

Hairs and Spines.—The hairs are of the fibrous or fibro-cellular type, depend- 
ing on their size; they exhibit a cuticle, a cortex, and a medulla. There is a gradual 
transition between the soft hairs and ridged spines at the sides of the animal. 

The spines are gigantic, somewhat modified hairs, consisting of a cuticle, a 
cortex, and a medulla. 

The cuticle is a single layer of large imbricated scales. 

The cortex is fibrous in appearance, contains pigment at intervals, and is 
strengthened internally by twenty-two to twenty-four longitudinal ridges that 
project inwards for some distance into the medulla. 

The medulla is of large size, thickest in the middle of the shaft, tapering 
towards the tip and neck of the spine; it is divided into narrow lenticular 
chambers by transverse imperforate septa, each of which splits horizontally at 
the margin into several leaflets, which in their turn again split horizontally into 
still smaller leaflets; all the leaflets are firmly attached to the sides of the inward 
projecting cortical ridges, thereby firmly binding them together and helping them 
to withstand a vertical strain, the septa themselves preventing undue distortion of 
the spine from a transversely applied strain. Morphologically the spines are true 
hairs. 


10. On the Industry and Intelligence of Insects in relation to Flowers. 
By Rey. Atrx. 8. Winson. 


TUESDAY, AUGUST 9. 
The following Papers were read :— 


DEPARTMENT OF Borany. 


l. Tubercles on the Thallus of some Floridee. 
By Professor Scumitz, of Greifswald. 
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2. On a Comparison of the Marine Floras of the warm Atlantic and the 
Indian Ocean. By Grorce Murray, /.R.S.L., FL.S. 


The following tables show in the first six columns the total number of genera 
and species in the areas chosen for comparison, together with the intervening Cape 
region, while the remaining eight columns are devoted to the analysis of these 
totals. 


Alga common to 
Cape of 
Warm of Indian W: Warm 
Atlantic| Good Occan Warm Indian Aviastl Atlantic, 
i Hope Atlantic Ocean a Tate Indian 
and Cape | and Cape at 0 Pe eae Ocean, 
and Cape 
Bileiea(sieis || s I 3 5 | & F S 
eet | ee a ea PS Nl eta Rese Leo |e la eer yl| ete Reena 
| 
FLORIDEZ : 
Ceramiee . - of 6 | 47 | Go) 12) Fon 4 2 6 3 5 10 4 2 
Cryptonemiacee .| 9| 30) 4] 4); 5/16] 1 1 Th il 5 4 1 1 
Gigartinee . -} 10) 28; 5/15) 6) 18) 5 3 Hy 2 6 6 5 1 
Spyridez . . Wy Gs hl eh de Sule 5 L 0 1 0 1 3 il 0 
Areschougiez . . 1 DO Oy OneeOn ni oO 0 0 0 2 3 it) 0 
Champiez fs Pag a a a sl ee ey a NJ 0 2 1 3 2 2 0 
Rhodymeniacez 6/22) 5|;11/ 5) 10) 2 2 3 2 1 U) 2 1 
Squamarieze See at a ck hake ano 0 0 0 2 1 0 0 
Porphyracee . ./ 2/ 6} 2} 6| 2} 6) 2 1 2 1 2 1 2 0 
Spheerococcoideze 4/68) 3) 4) 6) 22) | 1 1 1 1 2 7 a 1 
Delesseriese . PRR eee Re hase ea i ea 1 1 0 2 1 1 0 
Helminthocladiacer | 6 | 41] 1] 2| 6/24] 1 1 1 0 4 10 1 0 
Cheetangiese . * 2 2 1 3 2 2 As I 2 1 1 1 1 iy 
Gelidew . . ill, Balk ‘ety alpen hanes |r| 5 2 4 2 3 2 2 
Hypneacee . all coh [cea Tee oe fea cases YP eet 2 1 2 i 9 1 2 
Solierieze . 3 a 4|12 1 1 3 6 1 1 1 1 2 2 1 1 
Wrangeliee . 1 Dil Oil Oneal tees ed 0 0 0 0 0 0 0 
Chondriez : pllimsaall steal ease Ne 2: | mara Ga | ead 4 1 3 2 8 1 3 
Lomentariese Oy On eG 0 0 0 1 0 0 0 
Rhodomelee . ./| 14] 96)|10| 27| 18/48) 8 5 7 3 12 12 G ir 
Corallinese = a 7 | 43 8 | 28 6. | 24 6 11 6 5 5 12 5 3 
Total. .» «| 90 |482 | 59 |143 | 80 }255 | 42 | 41 43 30 61 95 38 19 
PHROPHYCER : 
| Fucacere . ri ey de SBgh Shy ELOP. PAL CGO | 3 5 2 5 3 10 2 3 
Dictyotacee , -| 7) 48} 4/19] 7} 23) 4 9 4 5 4 9 4 5 
; Eetocarpacee . .| 1/15] 3] 5] 2/12) 1 2 1 1 1 2 1 1 
Sphacelariaceze Fi ae) ak all Meet: al a OM 2 1 2 1 1 1 1 
7 Chordariacee . .| 6/ 9} 1| 2] 5] 7] O 0 1 1 3 2 0 0 
Punctariacee . ./] 1/ 1| 0} Oj} 1] 1] O 0 0 0 0 0 0 ) 
Arthrocladiacee .| 1/ 3] 0} O|} 1] 2] 0 0 0 0 1 2 0 0 
Sporochnacere . SEP ET aT OM Fey WoT 1 1 1 2 3 1 1 
. Laminaree . OO Ba Gib Ol Oot 0 0 0 0 0 0 0 0 
j Ralfsiacese ° . 1 1 1 1 1 1 1 0 1 0 1 0 1 0 
X Vee mt ST a ea ——— | |] } hae 
Total. - | 26 |125 | 26 | 61 | 24/117 | 12 | 19 11 15 16 29 10 11 
CHLOROPHYCER : 
Siphonee . . oes: |99 6 | 12) 16 | 72 5 3 5 4 16 29 6 3 
Confervez A -| 4/80; 3/15] 8] 39] 2 4 3 3 4 13 2 1 
Ulveze . . A 5 | 20 3 9 2/10) 2 3 2 2 2 4 2 2 
| 
ES ee ee } —— |} ———_ 
Total. . . | 82 |199 | 12 | 36 | 26 |121 | 9} 10 10 9 22 46 10 6 
PROTOPHYCEA, total | 14 | 51 | 2) 2) 9} 21 | 0 0 0 0 5 4 0 0 
Aggregate - |162 |859 | 99 \242 |139 [514 | 63 70 64 54 105 174 58 36 
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3. On the Structure of the Stem of a Typical Sigillaria. 
By W. Carruruers, F.2.8. 


4, Calamostachys Binneyana (Schimp.). By Tuomas Hick, B.A., B.Sc. 


The object of this paper is to revise our knowledge of the structure and affi- 
nities of Calamostachys Binneyana in the light of a series of preparations which 
have not hitherto been described or published. 

The spike consisting of an axis surrounded by alternating whorls of bracts and 
sporangiophores, the structure of each of these is examined in detail and compared 
with the descriptions already published by Carruthers, Binney, and Williamson. 

The central part of the axis, hitherto described as vascular, the author tinds to 
be cellular, and to form a true pith which is circular or triangular in the transverse 
section. 

Round the pith are, usually, three primary vascular bundles, which are reduced 
to the condition of those met with in the stems of Eqguzsetum and the youngest 
branches of Calamites, i.e., to as many carinal canals, with annular or spiral 
vessels adhering to the wall. When secondary thickening occurs it commences 
at these carinal canals, and usually three wedge-shaped masses of secondary 
xylem are first formed; subsequently these may be united to form a- complete 
zone. 

The cortical tissues of the axis, the ‘nodal discs,’ the bracts, and the sporangio- 
phores are described with additional detail, and special attention is called to a 
layer of large cells, often with black contents, which is found near the margin of 
the ‘nodal discs,’ and forms the lower or outer half of the bracts. 

A few additional details are also given of the structure of the sporangia, the 
most important of which is the presence of a small mass of non-sporogenous tissue 
at the proximal end, where the sporangia are contracted into the peduncles. 

As to the affinities of the spike, the structure described is held to demonstrate 
that it belongs to some carboniferous plant whose affinities are more or less close 
with the existing genus Lguwisetum. Such a plant we have in Calamites, to which 
the spike was referred by Carruthers in 1867. Against this determination Wil- 
liamson set the vascular structure, as it was then interpreted, of the central part 
of the axis, and, relying on this, referred Calamostachys Binneyana to the Lyco- 
podiaceze. The proof now adduced that the centre of the axis is cellular removes 
the objection raised by Williamson and brings us back to Calamites. he discovery 
of carinal canals at the periphery of the pith, as representatives of the primary 
vascular bundles, gives all that is needed to confirm this yiew, and leaves little or 
no doubt that Calamostachys Binneyana is the fruit of some form of Calamites. 

Beyond this it is difficult to go. There are, however, two facts that suggest: 
that the spilce is probably the fruit of a Calamites of the Arthropitys type. These 
are (i.) that Arthropitys is the only form with structure found in Yorkshire and 
Lancashire where Calamostachys Binneyana is met with; and (ii.) that in the stems 
and leaves of Arthropitys we have a layer of large cells, with frequent black 
contents, such as are found in the nodal discs and bracts of the spike. 


5. Notes on Specimens of Myeloxylon (Brong.). from the Millstone Grit and 
Coal-measures. By A. C. Snwarv, M.A., F.G.S. 


A number of specimens of Myeloxylon examined by the author lend support 
to the views of Schenk and others, that the anatomical structure of this fossil 
plant agrees more closely with that of cycadean petioles rather than with the 
petioles of ferns, Whilst recognising a number of characters which suggest a 
cycadean affinity, there are noted one or two points which render it probable that 
Myeloxylon may eventually find its true position intermediate between ferns and 
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cycads, The specimen which supplies the most important evidence in the ques- 
tion as to relationship with living plants is one from the collection of the late 
Mr. Binney. In many of the vascular bundles of this Oldham example the phloem 
is well preserved, and a longitudinal section clearly demonstrates the position of 
the protoxylem. In examples previously described and figured the position of the 
protoxylem has been inferred from the appearance, in transverse sections, of the 
xylem tracheids; in the longitudinal section of the Oldham Myeloxylon the small 
xylem tracheids next to the phloem are seen to be spirally thickened, and are 
without doubt protoxylem. 

Another example of Myeloxylon described was found in a limestone band of 
Millstone Grit age: this furnishes facts of some interest in connection with the 
question of botanical affinity, and as regards fossilisation. Hitherto English 
specimens of Myeloxylon have only been found in the Coal-measures. 


6. Observations on the Structure of Cystopus candidus. 
By Haroitp W. T. Wacer. 


In this paper a short account is given of the structure of the vegetative and 
reproductive organs of Cystopus candidus, a fungus parasitic on cruciferous plants, 
and especially abundant on the common shepherd’s-purse— Capsella bursa-pastoris 
—on which it forms white shining patches, often of considerable extent on the 
stem, leaves, and fruits. 

The mycelium consists of non-septate hyphze which ramify in all directions 
between the cells of the host plant, and often produce extensive hypertrophy of 
the organ attacked. Here and there small spherical haustoria are developed on 
the hyphe, and these penetrate directly into the cell cavities. 

Both hyphe and haustoria contain a granular protoplasm, in which numerous 
nuclei can be seen. The structure of these nuclei can be made out by careful 
staining and examination under a sufficiently high power, as was shown by Fisch, 
with whose observations mine in the main agree. Lach nucleus is vesicular, and 
contains a large nucleolus which stains deeply and is surrounded by a less deeply 
stained substance, in which some indications of a granular or thread-like structure 
may at times be observed. 

The reproductive organs are of two kinds, asexual and sexual. The asexual 
organs are formed just beneath the epidermis of the host plant: they are club- 
shaped branches of the mycelium, from which zoosporangia are cut off by con- 
striction and formation of a double cell wall at the apex. These branches contain 
granular protoplasm derived from the mycelium, and numerous vacuoles. A few 
nuclei are found scattered in the protoplasm, the number being variable, from five 
to twelve. The structure of the nucleus is similar to that in the mycelium, but is 
more easily made evident. 

In the formation of a sporangium a part of the protoplasm accumulates at the 
apex, together with a few nuclei, four or five, or perhaps more; this is then sepa- 
rated from the club-shaped branch by constriction of the cell membrane. A 
double cell wall is then formed which completely cuts off the sporangium from 
the branch on which it is formed. The sporangium is thus, from the beginning, 
a multinucleated cell. Each nucleus at a later stage becomes the nucleus of a 
zoospore without undergoing further division. 

The nuclei found in the club-shaped branches are probably derived directly 
from the mycelium, no division stages having been observed in the sporangiophore 
itself. It is possible, however, that owing to the smallness of the nuclei the 
division stages are masked, 

The sexual organs, antheridia and oogonia, also contain numerous nuclei. 
According to Fisch the oogonium contains from ten to twenty nuclei, the anthe- 
ridium three or four. I find more than this in many cases. In the formation of 
the oosphere the protoplasm separates into periplasm and gonoplasm, a cell wall 
appears round the gonoplasm; a large number of nuclei remain in the periplasm, 
but the gonoplasm does not appear to possess nuclei at this stage; at a later stage, 
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however, during tae formation of the exospore a number of nuclei make their ap- 
pearance in the oospore around a central oil-globule. These observations do not 
agree with those of Fisch. According to this observer all the nuclei of the 
oogonium fuse together to form the nucleus of the oosphere. According to Dan- 
geard the central nucleus of Fisch is nothing more than an oil-globule, and, so far 
a3 my observations go, lagree with him. Soon after the separation of the oosphere 
a quantity of oil begins to accumulate in or near the centre. This is stained 
deeply by hzematoxylin or picro-nigrosin, and might be easily mistaken for a 
nucleus. Its oily nature may be determined, according to Dangeard, by soaking 
the sections for some time in chloroform, when it disappears and a vacuole is left. 
The oil-globule gradually increases in size until the exosporium is fully formed. 
It then takes up about one-third of the diameter of the cavity of the oospore. 

The disappearance of the nuclei of the oosphere during the earlier stages of its 
development is probably only apparent, some change taking place, of the nature of 
which we are not yet cognisant. It is probable that these nuclei are included in 
the oosphere at the time of its separation from the gonoplasm. 

The problem of fertilisation is an important one, but is difficult to settle. At 
an early stage the antheridium contains numerous nuclei which pass over at a 
later stage into the fertilising tube of the antheridium, but whether they pass into 
the oospore is a question which I have not been able to settle. 


7. On the Affinity of Nuclein for Tron and other Substances. 
By Professor G. Ginson, of Louvain. 


An iron-holding nuclein was discovered some years ago by Bunge! in the 
yolk of the hen’s egg, and another by Zaleski * in the liver cells of various animals. 
Grounded on these two observations, as well as on some personal researches, 
Macallum, of Toronto, was led to the generalisation that the nuclein of every cell 
_ contains iron as a necessary constituent of itself. I know also that R. Schneider, 
in 1888, presented to the Physiological Society of Berlin microscopical prepara- 
tions showing the reaction of iron in the nucleus; but I have not been able to 
find out where he published an account of his work. 

Macallum, like Schneider,’ tried to detect iron in the nucleus itself by micro- 
chemical means. He succeeded in that by keeping cells under the action of 
ammonium sulphide, in a warm oven, a rather long time—two or three weeks. 
Recently, however, he declared he has arrived at the same results by a much 
easier process ;* but, as far as I know, he has not, up to this time, published his 
new method. The biological importance of Macallum’s conclusion is too obvious 
to need any further explanation. But on the other hand, as long as there remains 
the slightest doubt about the fact itself, all kinds of theoretical considerations on 
the subject would be of no use to positive science. I took upon myself to verify 
Macallum’s observations, and I found very soon that the question is by far more 
difficult than it might appear. 

I also succeeded in detecting iron in the nucleinic elements or chromatosomes 
of the nucleus, not only by the action of ammonium sulphide alone, but by various 
other means. 

Generally speaking, an intact nucleus gives no reaction with the usual re- 
agents of iron compounds, But I remarked, on the contrary, that when nuclein 
has been recently submitted to the action of various chemical agents, it very clearly 
gives evidence of the presence of the metal. Amongst the numerous substances I 


' Bunge, ‘Ueber die Assimilation des Hisens,’ Zeitsch. f. Phys. Chemie, vol. ix. 
p. 49. 

® Zaleski, ‘Studien tiber die Leber,’ idid., vol. x. p. 453. 

% Macallum does not quote Schneider’s observations, and seems not to be aware 
of their existence. 

* Macallum, Proc. Roy. Soc., April 30, 1891. 
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tried, sulphuric acid and sulphurous anhydride gave the best results, though many 
other agents, especially saline solutions, produce the same effect. 5 

When nuclei, previously steeped for a certain time in these liquids, are treated 
with ammonium sulphide their chromatic elements take a greenish-blavk colour, 
while the action of an acidulated solution of potassium ferricyanide gives them an 
intense blue colour, caused by the formation of Turnbull’s blue. 

These reactions are strictly limited to the chromatic filaments or chromato- 
somes of the nucleus, the protoplasm remaining absolutely colourless, In pre- 
sence of such a perspicuous reaction, there cannot remain the slightest doubt about 
the presence of iron in the nucleinic elements actually under observation. 

But a question now arises: Is Macallum right when he contends that ‘the 
chromatin of every cell, animal or vegetable, is an iron compound’ ?-—that is to 
say, a regular chemical combination with fixed proportions. 

I have no peremptory objection to oppose to Macallum’s conclusion. But, 
though his experiments seem to have been carefully carried out, I must confess 1 
am not entirely satisfied with the accuracy of his generalisation, and cannot help 
thinking that the union of nuclein with iron might be a rather accidental com- 
bination taking place after death only, and similar to that which it effects with 
many other substances, especially colouring matters. 

This suggestion is not a mere supposition; it proceeds from some observations 
I have made lately. 

I was able to ascertain that dead nuclein has a very strong affinity for iron 
compounds. The nuclei of freshly extracted cells, when steeped in a solution of 
sulphate of iron, FeSO,, even as weak as 1 for 2,000 parts of water, take with 
ammonium sulphide or potassium ferricyanide a much more intense coloura- 
tion than they did before, when simply treated with sulphuric acid. A conse- 
quence of that observation on dead nuclein is, that it is extremely diflicult to 
ascertain whether living nuclein really contains iron, or whether it only absorbs it, 
after it has been killed, out of the blood or other surrounding liquids, or even out 
of the reagents themselves if they are not absolutely free from iron. Biologists 
ought therefore to test their reagents very carefully before using them, and also 
to take great care to avoid the contact of the slightest trace of organic or inorganic 
iron with the cells. And that is not an easy task at all, for everyone knows that 
this metal spoils everything, and is everywhere throughout nature. 

For my part, though my reagents were as pure as possible, I am not certain at 
all, as far as the present, that the iron made visible in my preparations really 
belonged to the living nuclein, and had not been absorbed after death only. 
Macallum did not experimentally ascertain this affinity of nuclein for iron com- 
pounds. I know, however, that he used to treat his objects with an acidulated 
alcoholic mixture, called Bunge’s fluid, a liquid which is supposed to take out, after 
ten hours of action, all the organic and inorganic iron, excepting that combined 
with nuclein. But I have observed that Bunge’s liquid does not take away the 
iron artificially combined with dead nuclein even after six days. 

I observed also that various iron compounds are attracted by nuclein, and 
that its affinity is stronger for the ferrosum radical than for the ferricum. But 
iron is not the only metal which nuclein can absorb and retain. I succeeded in 
fixing in it manganese, nickel, and even copper, which all gave in the nucleus only 
their usual reactions. Nickel is almost as strongly attracted as iron itself is. 
Molybdenum also is retained by nuclein, and this last observation induces me to be 
cautious about another method of micro-chemical technic recently published. Dr. 
Lilienfeld, just a month ago, announced he had discovered a method of detecting 
phosphorus in the nucleus, with the aid of ammonium molybdate and pyrogallol. I 
suspect that the yellow-brown colouration he regards as characteristic of the 
phosphorus is caused by the accumulation of ammonium molybdate in the nuclein ; 
the brownish colouration that ammonium molybdate itself gives with pyrogallol is 
darker in the nucleus, not because nuclein contains phosphorus, but because it 
retains more of the ammonium molybdate than the protoplasm does. 

I may add also that other substances found in the cell have a similar attrac- 
tion for iron. Macallum pointed out that amyloid substances contain iron, and I 
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have observed that the silk of certain insects (chironomus, for instance) seems to 
possess a stronger affinity for this metal than nuclein itself. 

To sum up briefly the present state of the question, it is now certain that 
dead nuclein, as well as other substances found in the cell, have a very strong 
affinity for various compounds of iron and of other metals, or even negative 
chemical bodies. Thus the difficult question arises, whether the presence of iron 
in the nucleinic element during life is constant and normal, and whether this 
metal is necessary for the chemical activity of the nucleus. 

I hope these remarks will induce other biologists to undertake similar researches 
on a question that seems to require more than a single man’s activity ; and that 
is the reason why I resolved to publish my results in their present incomplete 
form, 


8. A Method of Staining Chromatin by Chemical Means. 
By Professor G. Gitson, of Louvain. 

The fact that metallic compounds are easily fixed in nuclein suggested to me a 
peculiar method of staining nuclei that, perhaps, might be of some use for special 
histological and cytological researches, It consists either in keeping cells, pre- 
viously hardened, in the metallic solution during a certain time, or in adding this 
latter directly to the usual fixing liquids. Then, after the solution has been 
thoroughly washed out, the objects are put into ammonium sulphide or potassium 
ferricyanide, or into both, and washed again. 

I succeeded by this method in staining the chromatic elements of many 
animal and vegetable cells, after the action of picro-sulphuric acid, Perenyi’s fluid, 
corrosive sublimate, especially the acid solution used in my laboratory, and others. 
But I did not succeed up to the present, after using Flemming’s fluid or other 
chromic liquids. 

The colouration is always characteristic, provided the object has been suffi- 
ciently washed before the reagent is applied. 

I am still studying the best method to get a good dark colouration. Satis- 
factory results, however, have been obtained with the following solution, as well 
for fixing and hardening the cell as for staining the nuclei :— 


Gee 
Iron sulphate, 10 per cent. aq. ; - : 5) A 
Nitrate of nickel, 50 per cent. aq. . : : - FLO 
Alcohol, 90 per cent., or, better, aldehyde saturated 

with sulphurous anhydride . é ‘ ; 10 


Sulphuric acid = : as ‘ 5 : : 2 
Alcohol, 90 per cent. 


After some hours’ steeping in this fluid, objects are washed with weak alcohol, 
then with water, and put into ammonium sulphide for a few minutes. After 
another washing with alcohol and with water they are steeped for about half an 
hour in a weak solution of potassic ferricyanide acidulated with hydrochloric acid 
and washed again. 

Each of the substances composing the solution, except alcohol, has the effect 
of making nuclei colourable with ammonium sulphide or with potassium ferri- 
cyanide ; but I noticed that better results are obtained when they are mixed 
together in the above-mentioned proportions. 

The action of potassium ferricyanide is much quicker and more intense when it 
succeeds that of ammonium sulphide. This latter does not harm in the slightest 
way the cells previously treated with the mixed solution or with the usual fixing 
liquids, though it seems better, at all events, not to use it too concentrated. 


9. A proposed Reform in Botanical Nomenclature. 
By James Britren. 
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10. Conditions affecting Plant Life in a Town Atmosphere. 
By G. H. Battey, D.Sc., Ph.D. 


Although it is well known that plants in towns exist under very unfavourable 
conditions, there is very little precise information as to the nature of these 


conditions. A series of observations extending over more than a year, and carried 


out by the Town Gardening Committee of the Manchester Field Naturalists, in 
conjunction with the Royal Horticultural Society, have supplied many important 
details, a summary of which is given below. 

1. A comparative measure of the amount of light received each day at stations 
in different parts of Manchester and district and in other localities shows that, 
whilst the record for the suburbs cf a large town falls below that of a country 
district, there is a still greater falling off to the extent of 50 per cent., or even more, 
within the town area. For the same period of the year the measure for bright 
sunshine is ten to twenty times that for dull weather, and as much as 300 times 
that during dense fog. As to the effect of the season, an hour’s sunshine at 
midday in June gives five times the record of that for December. 

Moreover, comparative measures for sunshine taken simultaneously in Switzer- 
land, Torquay, and the suburbs of Manchester were in the proportion 20: }1: 3. 

2, The amount of sulphurous acid in town air in heavy weather is ten to 
twenty times that in bright clear weather, and in fog the proportion is still greater. 

3. Freshly fallen rain collected in Manchester showed as much as seventy 
parts per million of sulphuric acid. 

Snow is usually more free from sulphuric acid than rain, whilst rime, which 
has formed on the leaves during frost, is by far the most impure form of moisture 
which comes in contact with plants, and samples have been collected containing 
nearly 400 parts per million of sulphuric acid. Estimations have also been made 
of the amount of organic matter and soot deposited on the leaves of plants, and 
the nature of the deposit has been examined. 


11. Some Albucas and their Hybrids. By Joun H. Witson, D.Sc., F.R.S.E. 


The African liliaceous genus, Albuca, is easily recognised by the cucullate and 
connivent inner segments of the perianth, which commonly conceal the essential 
organs as in a capsule, The writer confined his remarks to the following 
species :—A. corymbosa, A. fastigiata, A, caudata, A. junerfolia, A. trichophylla, 
A. major (?), and an unidentified species. 

During the past six years a number of hybrids have been raised by the writer. 

Using the initial letter as an abbreviation of the specific name, and placing the 
seed-bearing parent before the sign of hybridity, the following is the series involy- 
ing A. fastigiata and A. corymbosa:—f xc, (fxc)xc, (fxexe)xe, (fxe) x 


(fxexc), (fxe) xf, ex (fxe), ex (fxexc). 

The following involve A. trichophylla, A. juncifolia, and A. major :—t xe, 
ixf,tx(fxe), fxe)xj, x7, (fx ¢) xm. 

During the present summer capsules of a series of hybrids having A. caudata 
(ca) as one of the parents has been secured, viz.:—caxc, cax(fxc), fx ca, 
(fx c) x ca. 

Two capsules were also borne by the unidentified species, resulting in the one 
ease from double pollination by ¢x(fxc), and m; and in the other by ec, and 
#x(fxe). It will be instructive to see, by study of the hybrids furnished by 
these experiments, which pollen of the three kinds applied has heen effective. 

A brief description of the prominent features of the hybrids of previous years 
was given, reference being especially made to the bulbs which, no less than the 
flowers and foliage, afford many points of interest. The characters of certain of 
them have already been discussed (‘ Botanisch Jaarboek,’ vol. iti, 1891, p. 233). 

Hybrids between species having in the one parent erect, and in the other 
eernuous flowers, are txc, tx(fxc), and (fxe)xj. The characters of both 
parents are fairly equally blended in the first two, The flowers during the day 
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rise to a position more or less nearly horizontal. The outer anthers are poorly 
developed, and bear a very little pollen. A single specimen of the hybrid 
(fc) x7 has just flowered, and shows some notable features, but it is not as yet 
far enough advanced to admit of full description. 


12. The Embryo-sac of Angiosperms is a Sporocyte and not a Macrospore. 
By Gustav Mann, M.B., O.M. 


The development of the ovule and its embryo-sac has been studied in Myosurus 
minimus, L. ‘Three stages may be distinguished :— 

1, An early stage, during which one physiological and several non-physiological 
archespores and one physiological and two or three non-physiological embryo-sac- 
cells are formed. 

2. An intermediary period, ending with the formation of eight sexual nuclei 
within the sac. 

3. A final stage, during which the ovum matures and the primary endosperm- 
cell is formed by the conjugation of two sexual primordial cells. 

A. Early Stage.—There are several archespores, but only one undergoes further 
development, and this, the physiological one, divides into two cells, one of which 
lies next the plerome elements of the ovule. This one attains a larger size, and 
precedes in redivision its sister cell, which abuts on the dermatogen. 

Four cells are thus derived from the physiological archespore, and of these that 
one lying next the plerome develops into the physiological embryo-sac; the three 
remaining cells must be regarded as non-physiological embryo-sacs. In all the 
cells derived from the functional archespore, gelatinisation of the cell-walls takes 
place—a phenomenon quite analogous to that occurring in other sporocytes, e.7., 
pollen-mother-cells, and in all probability analogous to what occurs in animal ova 
generally, the zona pellucida being the wall of a sporocyte, the ovum proper 
equalling physiologically a female cell, the polar bodies being non-physiological 
female cells. 

The author’s view has been confirmed by (1) Guignard, who discovered that in 
the embryo-sac and pollen-mother cell, at the time of their formation, the number 
of chromatin segments becomes reduced by half; (2) by Dodel and Overton, who 
discovered, quite independently of each other, that the synergide are non- 
physiological ova, as proved by the fact that they may become fertilised and 
develop into embryos. 

B. Intermediary Period.—The functional embryo-sac cell shows no gelatinisa- 
tion in that cell-wall which is in contact with the plerome elements to allow a 
yeady transit of nutritive material through it. 

The embryo-sac cell enlarges, one or more vacuoles are formed, and the nucleus 
divides. The protoplasm does not divide immediately, but does so later on, in 
about 50 per cent. of cases, by the formation of one or two membranes separating 
the apical half of the sac from the basal half. 

The two nuclei in the sac divide and redivide, thus giving rise to eight nuclei: 
namely, the ovum, two synergidz, two primordial cells, and three antipodes. The 
basal half of the sac, being supplied more abundantly witb nourishment, precedes 
the apical half in division ; its monasters are larger, &c. 

C. Final Stage.—As the sac enlarges the nucellar cells and the non-functional 
embryo-sacs perish; albuminoid compounds, set free by their death, enter the 
apical end of the physiological or functional embryo-sac, the basal end and the 
ovum being supplied with food derived from the plerome elements. This is the 
reason why the nuclei of the synergid are placed next the dermatogen; why the 
nucleus of the ovum is placed next the cavity of the sac ; why the vacuoles occupy 
respectively the reverse position. The synergid are, normally, non-functional, 
because want of food leads to their degeneration before the flower is ready for 
conception. 

The two primordial cells giving rise to the primary endosperm-nucleus (Stras- 
burger’s secondary nucleus) are sexual cells; and the resulting zygote is a true 
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embryo, which, however, is destined to be consumed by the stronger embryo which 
is the offspring of the ovum and the extraneous sexual cell derived from the pollen- 
rain. 
j The three antipodes usually do not act as sexual cells, but they may perhaps 
undergo a conjugation similar to that occurring between the two primordial cells 
(Seclla nutans). 
Criticism of the current assumption that the embryo-sac is a macrospore. 
Summary of facts in favour of the view, first advanced by the author, that the 
embryo-sac is a sporocyte. 


13. On the Disappearance of Native Plants from their Local Habitats. 
By Professor W. Hittnovuser, M.A., F.L.S. 


The following list was compiled from various correspondents in continuation 
of the Reports of the Committee formed for the purpose in 1886. 

The list deals with the West of Scotland, and the materials were collected 
mainly by a special sub-committee of the Natural History Society of Glasgow. 
The numbering is that of the ‘ London Catalogue of British Plants,’ edition 8. 

5. Thalictrum flavum, Li, Formerly on the bank of the R. Clyde at Clyde 
Tron Works, Lanarkshire ; now extinct, from unknown cause (D. A. B.). 

13. Ranunculus fluitans, Lam. In a small stream between Clydebank and 
Dalmuir, Dumbartonshire; extinct, through stream being used for sewage 

L. W.). 
; 23. R. sceleratus, LL. Marshy ground on side of R. Clyde between Clydebank 
and Dalmuir, Dumbartonshire; extinct; marsh reclaimed (L. W.), 

39, Trollius ewropeus, lL. Formerly, but scarce, on banks of Gourock Burn, 
West Kilbride, Ayrshire; extinct (D. A. B.). 

59. Glaucium flavum, Crantz. Seashore between Dunoon and Toward, Argyll- 
shire ; extinct, probably all gathered by collectors and summer residents (T. K.). , 

89. Arabis Turrita, L. Old quarry in wood near Partick, Lanarkshire 
extinct since about 1880 (T. K.). 

107. Cochlearia officinalis, L. As No, 23 (L. W.). 

138, Senebiera Coronopus, Poir, Waste ground on seashore at Seamill, Ayr- 
shire ; extinct, washed away during a high tide, January 1884 (D. A. B.). 

249¢, Lepigonum neglectum, Kindb. As Nos, 28 and 107 (L. W.). 

277. Malva moschata, 11. WReported formerly to grow below Innellan, Argyll- 
shire; now apparently extinct, from an unknown cause (T. K.). 

362. Trifolium striatum, L. Sandy fields at Seamill, Ayrshire; extinct in 


_ several places where formerly abundant, on ground now built over (D. A. B.). 


506. Rosa spinosissima, LL. Among coarse grass on seashore, Seamill, Ayr- 
shire; extinct in several spots where formerly abundant, washed away during « 
high tide, January 1882 (D. A. B.). 

589. Peplis Portula, LL. Quarry-hole in field behind Tarbert Hill, West 


_ Kilbride, Ayrshire; extinct; site filled up by farmer (D. A. B.). 


672. Daucus Carota, L. Waste ground, Seamill, Ayrshire; extinct; ground 
now built over (D. A. B.). 

800. Carduus crispus, L. The same (D. A. B.). 

917. Andromeda Polyfolia, Iu. Stewarton Moss, Ayrshire; extinct; within 
the last thirty years, from unknown cause (D. L.). 

— [Ledum palustre, LL. Lecropt Moss, West Perth; formerly in con- 
siderable quantity, but almost extirpated by botanical class from Edinburgh 
University, who were guided to the spot by a local botanist (J. Sh.).] 

941. Primula vulgaris, FHuds. Island of Cumbrae, Buteshire; rapidly 
diminishing, being carried off in basket loads by lady visitors (D. R.). 

993. Mertensia maritima, Don. Seashore between Dunoon and Toward, 
Argyllshire ; extinct on all parts of the shore till far past Toward, being probably 
all gathered by collectors and summer visitors (T’. K.). 

1006. Echium vulgare, L. On sandy soil, Bog Farm, Steyenston, Ayrshire ; 
extinct, being smothered by drifting sand (J .8.). 
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1009. Calystegia Soldanella, R. Br. Fintry Bay, Cumbrae, Buteshire; ex- 
tinct, mainly, it is believed, through ravages of botanical students from Glasgow 
Jokes 
: 1181. Scutellaria minor, lu. Rosebank, Cambuslang, Lanarkshire; extinct, 
through railway construction (D, A. B.). 

1270. Myrica Gale, L. Biglus Moor, West Kilbride, Ayrshire; extinct, 
through draining of bog (D. A. B.), 

1329. Neottia Nidus-avis, Rich. Wood near Kilwinning, Ayrshire; extinct, 
rooted out by school children who were receiving instruction in botany (J. §.). 

1338. Cephalanthera ensifolia, Rich. Island of Arran, Buteshire, and Cun- 
ninghead, Ayrshire; extinct, all the plants being dug up for removal to gardens 

D. L.). 
1880. Narcissus Pseudo-narcissus, L. On banks of Gourock Burn, West 
Kilbride, Ayrshire; formerly abundant, but now greatly reduced in number, being 
carried off to gardens (D. A. B.). 

385. Galanthus nivalis, LL. Crosbie Glen, West Kilbride, Ayrshire; formerly 
removed in large quantities to gardens, but removal now prohibited by proprietor 
(D. A. B.). 

1470. Alisma Plantago, I.. eae ; 

1477. Triglochin iin: L. As No. 23 (L. W.). 

1479. Potamogeton natans, L.) Paisley Canal, Renfrewshire; almost extinct, 

1496. P. crispus, L. \ as the canal is drained and a railway made 

1502. P. pusillus, Li. J along greater part of its course. 

1534. Scwpus Tabernemontant. Gmel. As No. 23 (L. W.). 

1538. Scirpus maritimus, LL. The same (L. W.). 

1541. Serpus rufus, Wahlb. Bank of Clyde, between Old Kilpatrick and 
Bowling, Dumbartonshire; habitat slowly disappearing, being washed away by 
the tide (I. W.). 

1560. Carex disticha, Tluds. In a ditch between Dalmuir Burn and Old 
Kilpatrick, Dumbartonshire; ground reclaimed, ditch drying up, and plants in it 
disappearing (L. W.). 

1561. Carex arenaria, LL. Seashore, Seamill, &c., Ayrshire; since 1882, 
owing to a series of remarkably high tides, the sandbanks, formerly protected 
by the rhizomes and roots of this plant, have been considerably reduced in extent 

D. A. B.). 
: 1582. Carex acuta, L. As No. 23 (L. W.). 

1667. Ammophila (Psamma) arundinacea, Host. See No. 1561, the remarks 
in which apply, even more strongly, to this plant (D. A. B.). 

1687. Phragmites communis, Trsn. As No. 23 (L. W.). 

1766. Cryptogramme crispa, R. Br. Western Islands, &c.; large numbers of 
fern roots, exposed on barrows, are frequently offered for sale in the streets of 
Glasgow, and it is believed that the main supply is derived from the Western 
Islands (Arran, Jura, &c.), and the Argyllshire Hills (D. A. B.). 

1770. Asplenium Adiantum-nigrum, L. The same (D. A. B.). 

1771. A. marinum, LL. The same (D. A. B.). Also Chapelton Wood, West 
Kilbride, Ayrshire; nearly extirpated by collectors (D. A. B.). 

1772. A. viride, Huds. See 1766 (D. A. B.). 

1773. A. Trichomanes, L. The same (D. A. B.). 

1781. Ceterach officinarum, Willd. On a wall near Paisley, Renfrewshire ; 
formerly plentiful, but now almost extinct, taken, it is believed, by a fern- 
dealer (T. K.). 

1782. Scolopendrium vulgare,Symons. Portineross Woods, Ayrshire; formerly 
carried off in large quantities, but removal now forbidden by proprietor (D. A. 
B.).—Hindog Glen, Dalry, Ayrshire; abundant thirty years ago; but since 
extirpated (J. S.).—Island of Cumbrae, Buteshire; about fifty years ago this fern 
was growing abundantly on the island, now it is difficult to find a single plant. 
It has been said that the ferns have been taken by nurserymen for their own 
interests. In summer, however, the lady visitors were seldom seen leaving the 
island without a basket of ferns—a practice carried on year after year, till now, 
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when the ferns are nearly exhausted, the gathering mania is passing from ferns to 
primroses (see remarks on No. 941. D. R.).—-The remarks on No. 1766 are 
applicable also to this species as a plant of the Western Islands, &c. (D. A. B.). 

1806. Osmunda regalis, E. Hunterston, Ayrshire; formerly luxuriant on the 
cliffs and low ground facing the sea, but now extinct, the plants being carried 
away (D. L.).—Portincross, Ayrshire; a few plants formerly grew here, but were 
all dug up and carried away (D. A. B.).—Shewalton Moss, Dundonald, Ayrshire ; 
extinct, the moss being reclaimed (J. S.).—Island of Cumbrae, Buteshire; 
formerly plentiful in places; this fern has now almost entirely disappeared, being 
carried away with 1782 and others (D. R.).—Island of Arran, Buteshire; up till 
1860 abundant in many places, but now extinct, or nearly so, having been carried 
away by cartload and boatload (D. L.). Roots are sometimes still offered for sale 
to visitors in the island (D. A. B.).—Achacha District, Benderloch, Argyllshire ; 
formerly plentiful, but now none has been seen for twelve or fourteen years, the 
roots having been continually sought after and removed by collectors (W. A. 8.). 
—Loch Fyne District, Argyllshire; becoming extremely rare through ruthless 
collections for sale (W. A. S.).— Western Islands, &c.; see remarks on No, 1766, 
very applicable to this species (D. A. B.). 

1822. Lycopodium Selago, L. Mons, near West Kilbride, Ayrshire; much 
less common than formerly, probably owing to drainage (D. A. B.).—Western 
Islands, &c.; occasionally exposed for sale in the streets of Glasgow. As No. 
1766, &c. (D. A. B.). 


DEPARTMENT OF ZOooLocy. 


‘1. Présentation de Planches inédites de Zoologie concernant les Recherches: 


du Yacht ‘lV Hirondelle.’ Par Baron JULES DE GUERNE. 


2. Crustacés Copépodes des Eaua sursaturées de Sel de la France et des 
: Canaries. Par Baron JULES DE GUERNE. 


3. Observations on the Development of the Posterior Cranial and Anterior 


Spinal Nerves in Mammals. By Artuur Rostnson, M.D., Senior 
Demonstrator of Anatomy ai the Owens College, Manchester. 


1. In cat and rabbit embryos of eleven proto-vertebral somites, and in mouse 
and rat embryos of a similar stage of development, a continuous cord of nerve-cells 
extends backwards from just within the posterior part of the auditory depression 
along the dorso-lateral angle of the medulla and spinal cord. At this period the 
cord of cells is connected with the dorsal extremity of the neural tube by a series 
of cellular strands, which are so numerous and so closely opposed that they almost 
form a continuous lamina, which is only one cell thick. 

2. During the period of formation of the secondary optic cup this cellular cord 
(a) loses its connection with the dorsal extremity of the neural tube; (4) becomes. 
thickened in the region between the auditory vesicle and the first somite; (c) 
remains relatively small from the first to the fourth somite; (d) beyond the 
fourth somite it gives origin to a series of swellings, the spinal ganglia. 

8. Ata later period, in cat embryos of 9mm., in mice of from 23-5 mm., and 
in rat embryos of a similar stage of development, the cord of cells in the region .of 
the first four somites is enlarged in three places. One enlargement is situated in 
relation with the fourth somite, which is in the cervical region; the other two are 
in relation with the second and third somites, which belong to the occipital region, 
The cellular cord is also enlarged in the region of the first somite, but this enlarge- 
ment is continuous with the enlargement in the pre-somitic region, and cannot be 
distinctly separated from it. . 
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4, (a) The ganglionic enlargement in the pre-somitic region becomes converted 
into the root ganglia of the glosso-pharyngeal and vagus nerves. 

(6) The ganglionic enlargement in relation with the fourth somite becomes 
the first cervical ganglion. 

c) In the rat and the mouse the ganglionic enlargements in relation with the 
second and third somites become connected with the spinal accessory nerve, but 
in the cat the enlargement in relation with the third somite beeomes united with 
the most posterior root of the hypo-glossal nerve. 

5. After the separation of the cellular cord from the dorsum of the neural tube 
a series of nerve roots are developed, and by means of these the cellular cord and 
its ganglionic swellings become secondarily connected with the neural tube in the 
region of the angle between the alar and basal lamine. 

6. The nerve roots are divisible into two series :— 

(a) A dorsal series, which pass partly into the cellular portion of the neural 
tube and partly into the white columns in the region of the ascending roots of the 
vagus and glosso-pharyngeal nerves. These roots are from twelve to fifteen in 
number, and in the region of the spinal accessory nerve they appear to terminate 
almost entirely in the cellular wall of the neural tube dorsal to the next series of 
roots. 

(0) A lateral series, which leave the neural tube either together with, or a short 
distance ventral to, the dorsal series. Many of these roots pass beneath the 
ganglionic chain, but others appear to be connected either with the ganglia or the 
cellular strand which unites them. Centrally these roots are connected with the 
dorsal angle of a column of cells situated along the ventro-lateral aspect of the 
neural tube, which ultimately becomes the anterior grey cornu and its cephalic 
continuation. Peripherally they pass, in the region of the second and third 
somites, into the spinal accessory nerve, and further forward into the stems of the 
glosso-pharyngeal and vagus nerves. In the region situated between the fourth 
and eighth somites they pass directly into the spinal accessory nerve, and have no 
connection with the ganglia of the cervical nerves. 

7, The cellular commissure, which in the early stages can be traced backwards 
beyond the cervical region, terminates in the later stages as a continuous cord, at 
the second cervical ganglion, but traces of it can be found much further back- 
wards, 

8. The dorsal roots of the cervical ganglia enter the cord on the same level as 
the dorsal roots of the accessory and vagus nerves, and terminate, like the dorsal 
roots of the vagus, partly in the white columns and partly in the cells which are 
afterwards situated at the region of the base of the posterior grey horns. 

9, The hypo-glossal roots spring from the ventro-lateral angle of the neural 
tube, taking origin from the column of cells which in the cervical and post-cervical 
regions becomes converted into the anterior grey cornu. 

The most anterior rootlets are collected into a small bundle which lies in front 
of the first somite. The remaining rootlets are gathered into three bundles, one 
of which lies in relation with the ventral portion of each of the three first somites, 
and below the level of the somites all four bundles are collected into one trunk. 


4. On Cranial Ganglia. By Professor J. Cossar Ewart, M.D., F.R.S.E. 


5. Renewed Experiments on the Modification of the Colours of Lepidopterous 
Pupe. By HE. B. Poutron, F.B.S. 


6, An Observation bearing on the Non-transmission of Characters required 
by certain Pupe. By EH. B. Pourroy, F.R.S. 
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7. On the Cerebral Commissures in the Marsupialia and Monotremata:! 
By Jounson Symineton, M.D., F.R.S.E. 


The author gave an account of the literature of the subject, discussing more 
particularly the views of Owen and Flower. In 1837 Professor (now Sir Richard) 
Owen published in the ‘ Philosophical Transactions’ a memoir, On the Structure 
of the Brain in Marsupial Animals. In this communication it was asserted that 
the brains of the Marsupialia differed from those of the placental mammals in 
having no corpus callosum. In 1865 Professor W. H. Flower published a paper 
in the ‘ Philosophical Transactions,’ in which he controverted the conclusions of 
Owen, and maintained that a corpus callosum was present in the Marsupialia and 
Monotremata. 

The material used by the author in his study of the subject included the brains 
of the Ornithorhynchus, Echidna, and various Marsupialia. Serial sections were 
mounted for microscopic examination and stained with carmine, or by the 
Weigert-Pal method. Sections were also made for naked-eye examinations upon 
brains hardened in Miiller’s fluid. 

The conclusions arrived at agreed in general with those of Owen. 

In the Marsupialia and Monotremata the anterior commissure is as large as, and 
generally much larger than, any other transverse commissure of the cerebrum, and 
it unites the whole of the cortex of the two hemispheres, except the gyri dentati 
and hippocampi majores. They have no true corpus callosum, and the superior 
transverse commissure is simply a commissure for the gyri dentati and hippocampi 
majores—the hippocampal commissure of Owen. The peculiar position of this 
commissure is due to the fact that the convolutions it unites extend much farther 
forwards than they do in the placental mammals. 

The Monotremata and Marsupialia agree in the general arrangement of their 
cerebral commissure, and both differ very distinctly from that found in the lower 
placental mammals so far as examined. 


8. The Early Development of the Isopod Crustacea. 
By Professor J. Puayrarr M‘Murrica. 


9. Note on the Geographical Distribution of Ascidians. 
By Professor W. A. Herpman, D.Sc., F.R.S. 


When the large collection of Ascidians, both simple and compound, brought 
home by the Challenger expedition is arranged according to the latitudes where 
the specimens were collected, it is seen that the great majority belong to the 
southern hemisphere, and most of them to the far south, such localities as the 
Straits of Magellan, Kerguelen Island, and Bass Strait being especially rich. Then 
high northern latitudes follow the extreme south, while tropical and semi-tropical 
regions are, on the whole, poorly represented. Moreover, the species from these 
high latitudes were mostly obtained in abundance, and the individuals are mostly 
of large size, so that not only in number of species, but also in actual mass, the 
bulk of the collection is from the far south or north. Hence it seems obvious that 
the Ascidians flourish best in comparatively cold waters. 

However, it might seem improbable that the Challenger collection, extensive 
though it is both in species and in localities, would represent the distribution of 
the group quite adequately and correctly, so I have lately gone over the recorded 
geographical distribution of all the known species of simple and compound 
Ascidians, with the result that although, as might be expected, the long-continued 
and minute investigations of the shores of north-west Europe and the Mediterranean 
have helped to raise the numbers for temperate seas, still a very considerable 


* The paper is printed in extenso in the Journal of Anatomy and Physiology for 
October 1892. 
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proportion of the species belong to the extreme north and south, while the tropical 
Ascidian fauna is relatively scanty and the individuals of small size. 

The gigantic Molgulide (the largest of simple Ascidians), such as Ascopera 
gigantea, A. pedunculata, and Molgwa gigantea, are only known from the far 
south ; the large Boltenias are from the north and the south, while to take an 
example from nearer home, the small Styelas of our seas are represented on the 
northern coasts of Europe and Asia, and in the Greenland seas, by large specimens 
of Styela rustica and S. monoceros. 

Then in regard to the abundance of individuals, I know of no records of great 
hauls from tropical seas, while in the Straits of Magellan the Challenger obtained 
about forty specimens of one large species (Molgula gigantea), and a dozen of 
another (Ascedia Challengeri), at Kerguelen Island, and large numbers of Amarou- 
ciun variabile and other compound Ascidians were also obtained, and last summer, 
while dredging from Mr. Alfred Holt’s yacht Argo, about eleven miles north of 
the North Cape, I brought up a dredge net about 3 feet by 1 foot, and about 
3 feet long, crammed to the mouth with splendid specimens of the two closely 
allied species Stycla rustica and S. monoceros; there must have been many 
hundreds—perhaps thousands. We only picked out and preserved what seemed a 
few of the better specimens, the remainder being shovelled overboard, and yet I 
find that about 300 were kept. These large species must evidently be present in 
enormous profusion at the bottom in some places. 

On the whole, then, I consider that this more extended survey of the group 
points to the same general conclusion which I arrived at from an examination of 
the Challenger collection—viz., that Ascidians attain their greatest development 
both in numbers and size in the colder northern and southern seas. 

Although certain genera seem, with our present knowledge, restricted to 
particular regions, none of the more important families is confined to northern 
or southern seas or to the tropics. I have lately received from the Australian 
coast members of the Botryllide, a family not previously recorded from southern 
£e18. 

The examination lately of two collections of Ascidians from ‘the north of 
Norway and Finmark, made, the one by Canon Norman and the other by myself, 
from the Argo, recalled vividly the apparent abundance of Ascidians in these 
northern waters, and caused me to look into the records bearing on the matter. 


10. Note on Atrial, or Circumceloacal, Tentacles in the Tunicata. 
By Professor W. A. Hrrpmay, F.2.S. 


In the interesting paper (‘ Bulletin Scientifique,’ July 1892) by Dr. C. Julin, 
which forms the first part of his ‘ Les Ascidiens des Cotes du Boulonnais,’ I notice 
it is stated, on page 30, ‘ L’existence d’une couronne de tentacules circumcloacaux 
n'a jamais, 4 ma connaissance du moins, été signalée chez aucune espéce d’ascidien 
simple ou composé.’ If it has escaped Julin’s attention that I described and 
figured atrial tentacles in 1882 in a simple ascidian, and in 1886 in a compound 
one, then I fear it may have escaped notice altogether, perhaps because, along 
with some other anatomical observations and some theoretical conclusions and 
suggestions, it is buried in the Challenger reports in a mass of detailed descrip- 
tions of new species. At any rate, the existence of atrial tentacles is evidently 
so little known that this brief note upon what I have seen of them may be of 
interest. 

In the simple ascidian Bathyoncus mirabilis from the Southern Ocean, at a 
depth of 1,600 fathoms, there are two circlets of minute tentacular processes which 
project from the inner surface of the cloacal wall close to the atrial aperture. 
These atrial tentacles are all of the same size, and are placed at about their own 
length apart (see ‘ Rep. Tun. Chall. Exp.,’ part 1, vol. vi. 1882, page 167, and 
pl. xxiv. fig. 12, az. t.). } 

The ascidiozooids of the compound (?) ascidian, Goodsiria placenta, from the 
Cape of Good Hope, have also atrial tentacles, very much like those of Bathyoncus 
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mirabilis, hut forming a single series. In the original description (op. cit., part 2, 
vol. xiv. 1886, page 331, and pl. xliii. fig. 10) I wrote as follows: ‘ At the base of 
the atrial siphon, where the invaginated layer of test ends, there is a slight ridge 
which bears a series of small tentacles projecting freely into the peribranchial 
cavity. These atrial tentacles are much smaller than the ordinary or branchial 
tentacles, and there are only twelve of them. The position of the atrial tentacles 
in relation to the atrial siphon corresponds exactly to the position of the branchial 
tentacles at the base of the branchial siphon, but their use at the entrance to the 
peribranchial cavity is not obvious. It has been observed in some simple ascidians 
that the current of water which usually flows in at the branchial aperture and out 
at the atrial is occasionally reversed for a short period, the atrial aperture be- 
coming inhalent. Possibly in the present species this habit may have become so 
marked as to have favoured the development of a circle of atrial tentacles, which 
would act as tactile organs waving in the current of water entering the animal.’ 

During the last few years I have found similar atrial tentacles in at least three 
new species of the compound (?) ascidian genus Chorzzocormus, viz., Ch. sydney- 
ensis, Ch. leucopheus, and Ch. subfuscus, all from Australia. In each case they 
form a single circlet, as in Goodstiia placenta, and there are about twenty tentacles. 
They are briefly referred to in my ‘ Revised Classification of the Tunicata’ (1891), 
at page 636, and will be figured in the forthcoming ‘ Catalogue of Tunicata in the 
Australian Museum.’ And, lastly, Julin has made the interesting discovery that 
atrial tentacles are also present in Styelopsis grossularia. 

I have queried above the genera Goodsiria and Chorizocormus as being com- 
pound ascidians because they belong to the family Polystyelide, in regard to 
which it must be considered still doubtful whether the masses of ascidiozooids are 
true colonies. But although they may be colonial forms now, there can be no 
doubt that phylogenetically the Polystyelidze are closely related to the sub-family 
Styelinse of the Cynthide, the sub-family to which both Bathyoncus and Stye- 
lopsis belong. So we arrive at the interesting conclusion that the four genera in 
which up to now atrial tentacles have been noticed, although differing widely 
from one another in appearance, structure, and habitat, are yet phylogenetically 
rather closely related. I think it not unlikely that atrial tentacles will be found, 
if looked for, in other members of the groups Styelinze and Polystyelid. 

Another point: it is an interesting fact, and may have some significance, that— 
putting aside Bathyoncus mirabilis, in regard to the conditions of life of which we 
know nothing—all tke five species in which atrial tentacles have as yet been 
demonstrated form either colonies or aggregations, z.c., they have numbers of small 
individuals or ascidiozooids massed together. It is quite conceivable that, under 
these crowded conditions, it may be some advantage to tbe animals to have the 
power (to return to the suggestion I made in the Challenger Report) of frequently 
reversing the current of water or of using the atrial for a time as the inhalent 
aperture—possibly, for example, because of being so placed amongst neighbours 
that the atrial siphon is able to draw upon a purer supply of water—and in any 
such case the advantage of having the entrance to the peribranchial cavity pro- 
vided with a circlet of tentacles is obvious. 

Possibly Julin, in his recent investigations on Styelopsis grossularia, has already 
solved the problem of the meaning and use of the atrial tentacles, and may be able 
either to support or demolish the above suggestion. In any case I shall be much 
interested to learn his views on the matter. 


11. Notes on Lampreys and Hags. By J. Bearv, M.Sc., Ph.D. 


Two small specimens of Myzine glutinosa were described. The one measured 
65 centimetres, the other 15 centimetres. It was stated that an Ammoceete stage 
appeared to be unrepresented in Myxine, but that the individual underwent a 
metamorphosis, as was proved by the ‘diphyodont’ dentition. 

In the smaller specimen the external characters were those of the adult, but the 
internal anatomy revealed among other things several rows of teeth in both reof 


790 REPORT—1892. 


and floor of mouth, and a functional pronephros. The testes of a specimen of 
Petromyzon planere described were stated to be hermaphrodite, in that here and 
there in the testis single ova could be found. A section of such a testis with ova 
was exhibited, 


12. On the Skeleton and Teeth of the Australian Dugong.' 
By Professor G. B. Howss and J. Harrison. 


The authors showed that the vertebral epiphyses are more fully developed than 
Albrecht has suspected, and that they appear late and rapidly ankylose with the 
centra—a feature of especial interest, in view of Lefévre’s alleged discovery of fully 
developed epiphyses in Halithertum Schinzi and Metuxytherium. On comparison 
with the Cetacea, they sought to associate the reduction of the epiphyses with 
adaptation to an aquatic existence. 

In dealing with the limb-skeleton, they described a longitudinal cleavage of 
the phalanges, akin to that recorded by Kiikenthal for the Cetacea. The only 
structures observed which were at all comparable to supernumerary phalanges were 
derivatives of the terminal (ungual) ones, arising proximally ; and the observa- 
tions lend no support to Kiikenthal’s view that supernumerary phalanges are 
epiphysial in origin. : t 

The first upper incisor and the four lower ones of either side were shown to 
have milk predecessors, which are early absorbed. Five teeth were shown to be 
present on either side of the symphysial region of each mandibular ramus of 
Manatus, the fifth one being claimed as a canine; and, in this animal, the 
authors described milk predecessors to the two anterior pairs of mandibular cheek 
teeth. The authors finally discussed the bearings of the facts upon the inter- 
relationships and affinities of the Sirenia, for whose presumed incisors a numerical 
parallel alone exists in the Marsupialia and Soricide. 


13. Can Spiders Prognosticate Weather Changes ? 
By Dr. M‘Coox. 


14, Some Notes on Marine and Fresh Water Chironomus. 
By G. Swainson. 


15. The Earthworms of Great Britain. 
By the Rev. Hitveric Frienv, F.L.8. 


We are indebted to the lamented Charles Darwin for any enthusiasm which has 
been aroused among the public in the subject of earthworms. The angler, how- 
ever, was the pioneer student of terrestrial annelids, and to those who use the rod 
‘we owe most of our popular names for earthworms. The first and only list yet 
published in England appeared in 1865, though many able monographs have 
appeared on the Continent. In 1881 Darwin assumed the existence of eight or ten 
species of earthworms in England, and I have now to report the progress which 
has been made in the subject since the publication of ‘Vegetable Mould’ In 
former times all our indigenous worms were ranged under the simple genus 
Lumbricus, but in 1873 Eisen showed that they really belonged to four different 
genera. He named them Lumbricus, Allolobophora, Allurus, and Dendrobena, but 
the latter term has fallen into disuse, though I hope to show the wisdom of 
reviving it for the true tree worms, The genus Lumbricus, as understood since 
Eisen’s time, first claims attention. It is distinguished by the ‘mortise and tenon’ 
arrangement of the head, the distribution of the sete in four couples, the indi- 


3 Apropos of a Report by the Authors, upon the Sirenia collected by Professor A. C. 
Haddon in the Torres Straits, to be shortly published in the Zrans. Roy. Dublin Soc. 
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viduals of which are always close together; the girdle of six segments, the inner- 
most four of which carry the puberty band ; and certain internal peculiarities of a 
somewhat complex nature. Four true and one abnormal species are now on 
record for these islands, as follows:— 

1. The True Earthworm (L. terrestris, Linn.), which has only very recently been 
properly defined, but may now be infallibly distinguished by its colour, the position 
of the sets, the shape of the tail—which is flattened to enable it to grip its 
burrow—and especially the position of the girdle on segments 32 to 37. 

2. The Ruddy Worm (L, rubescens, Friend).—New, not only to England, but 
to science, and recognised by the fact that its girdle commences on the thirty- 
fourth and ends on the thirty-ninth segment. By this means, as well as by the 
prominence of the male pores, it is easily distinguished from the next, which it 
closely resembles in size and colour. 

3. The Red Worm (Z. rubellus, Hoffmeister) is the commonest representative 
of the genus, and has the twenty-seventh to the thirty-second segments occupied 
by the girdle. 

4, The Purple Worm (Z. purpureus, Eisen) is usually much smaller than any 
of the foregoing, though it exactly corresponds with them in colour, shape, and 
general appearance. Its girdle extends from the twenty-eighth to the thirty-third 
segment. 

5, Hisen’s Worm (LZ. ZFisent, Levinsen), though inserted here, cannot be 
regarded as a true member of the genus, as it lacks several of the characters of the 
type. It is a very small worm, which frequently lives in decaying timber, and has 
its girdle on the twenty-fourth to the thirty-first or thirty-second segment, without 
the usual band on the under surface. I refer it to group No. 4 below. 

As its name implies, the genus Allolobophora is distinguished by the shape of 
its lobe-insertion. The colour also is more variable than in Lumbricus, while the 
sete are not always in pairs, and the girdle occupies an indefinite number of 
segments, on which the pores or bands, if present, are variously disposed. The 
genus is best studied in groups, of which we have five in our fauna. Group No. 1 
is represented by the Long Worm (A. longa, Ude), which has been the cause of 
endless confusion, owing to its wide dispersion and general similarity to the earth- 
worm. Its specific nature was only determined half a dozen years ago. 

Group No. 2 contains a species or sub-species new to science, and found at 
present only in Dublin (A. hibernica, Friend), so far as Great Britain is concerned. 
It has, however, been simultaneously found on the Continent, but no printed 
account has yet appeared. The well-known Brandling (d. fetida, Sav.) also 
belongs to this group, and a search in the Highlands might yield one or two new 
species. 

Group No. 3 has always presented great difficulties, which are now, however, 
cleared away. The Turgid Worm (A. turgida, Hisen) and the Trapeze Worm 
(A. trapezoidea, Dugés) are difficult to distinguish. Midway between the Mucous 
Worm (A. mucosa, Eisen) and the Green Worm (A. chlorotica, Savigny) we have 
to place the newly discovered Welsh Worm (A. cambrica, Friend), whose specific 
differences are only to be recognised by dissection. 

Group No. 4 contains several worms which are truly dendrobzenic or tree- 


haunting. They are usually very small, and have their setze in eight almost equi- 


distant rows. The Gilt-tail (A. subrubicunda, Eisen) is the best known, and closely 
related to this is the Compressed Worm (A. constricta, Rosa), which has hitherto 
been taken by me only in the extreme South of England. The genuine Tree 
Worm (A. arborea, Eisen) lives in the very heart of damp, decaying timber, and is 
often associated with the Celtic Worm (A. celtica, Rosa), which, however, keeps 
near the bark, or lies in the soil underneath the wood. The type of Eisen’s genus 
Dendrobena (D. boeckii, Eisen) may for the present be put here. It has only been 
met with in Yorkshire and near Paisley, so far as my authenticated records go at 
present. L. Eisen, Lev., is very closely related to the members of this group. 
Group No. 5 may be known by the large size of its members, whose sete, 
unlike those of other large species, are wide apart. The Roving Worm (A. profuga, 
Rosa) has this year been added to our English lists, and another species (A. com- 
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planata, Dugés), which is the only one I have not personally studied, is recorded 
on the strength of a recent memoir. 

There remains the genus Adlwus, which is readily distinguished by its square 
tail and semi-aquatic habit. Its male pores also are on the thirteenth segment, 
and there are only two or three species at present known to science. Of these, the 
Square Tail (A. tetredrus, Savigny), the Quadrangular (A. tetrayonurus, Friend), 
and the Golden Worm (4. jlavus, Friend) are indigenous, and there are also some 
interesting varieties. b 

The generic differences are best understood by presenting the main features in 
the form of a chart which was exhibited to the Section, and a complete list of all 
the species at present known to occur in Great Britain is given in the paper. 

A wide field for research is opened up by the study of earthworms. 
Their distribution, numbers, and utility; the height to which they ascend, the 
habitats they prefer, the parasites by which they are infested, the freaks and 
abnormalities to which they are liable, are only a few of the many topics which may 
be profitably studied, and concerning which I have for some years past been busily 
accumulating a mass of interesting material. 


16. The Human Body as a Conductor of Electricity. 
By H. Newman Lawrence. 


17. Fertilisation of the Eggs of the Stickleback. 
By Professor J. B. Haycrart. 


18. On the Canalisation of Cells and the Continuity of Living Matter in 
Plants and Animals. By Dr. Louis Otivier, Editor of the ‘ Revue 
générale des Sciences pures et appliquées.’ 


1, We have long known that both in animals and plants certain cells, instead 
of being completely closed, present in their walls pores which establish a communi- 
cation between the cellular cavities. These cases have been especially observed in 
organisms of a lower type (as, for instance, in the Siphonocladaceee Algz), which 
form, as it were, a connecting link between uni-cellular and multi-cellular forms. 
In the latter, however, special groups of cells have been described, which com- 
municate by their extremities. Such, for instance, are the sieve tubes of the liber 
discovered by Hartig, the endosperm cells of certain monocotyledons observed by 
Tangl, the cells of the pulvinus of the petiole of the sensitive plant and other 
tissues specially described by Gardiner, &c. 

These instances of cellular canalisation were considered till recent years as 
exceptional in the tissues of living organisms, where they seemed to be of strictly 
local occurrence; so that the cell in the higher animals and plants was still looked 
on as a completely closed chamber; the cavity either containing or free from pro- 
toplasm could only have osmotic communication with its fellows. 

2. In 1885 I was led to suspect that this theory was erroneous, and to 
recognise even in highly differentiated tissues and in highly organised individuals 
the canalisation of the cell-wall and the free passage of protoplasm through the 
narrow pores. 

On photographing under special conditions three sections of various tissues, 
artificially stained, I was surprised to see on the plates a very remarkable arrange- 
ment in the cell-walls, which direct observation had failed to reveal. I attributed 
this result to the fact that optical and chemical conditions in photography are in 
various respects different from those in direct vision, and I believed it possible to 
base on this observation a method of research supplementary to simple microscopical 
examination. ‘Ihe proofs I have obtained confirm this anticipation. 
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3. In order to see directly the canalisation of the cells under the microscope, 
we must use reagents capable of giving us a double stain. 

We cannot, however, make use of this method in all cases, for when the tissues 
in which we wish to observe the protoplasm are living, reagents induce a contrac- 
tion of the protoplasm into the cell-cavities and the rupture of the exceedingly fine 
filaments which unite a cell to its fellows. To force, as it were, these filaments to 
remain in position, I thought it desirable to produce a slow anzsthesis of the tissues 
before fixing, hardening, cutting, and staining them. Osmic acid, which anatomists 
often use, can be of no service to me, as it does not attack simultaneously the 
various portions of the protoplasm surrounded by their cell-wall, and, moreover, 
nearly always renders’ staining impossible at a later stage. I therefore had 
recourse to true anesthetic agents, ether, chloroform, carbon disulphide, &c. 

The organism should be submitted in its entirety to the action of the vapours 
of these reagents. When it has quite ‘gone to sleep,’ a fragment of the tissue 
may be detached, plunged into alcohol containing picric acid, and then cut into 
sections of 545 of a millimetre in thickness; if they are vegetable tissues, they 
’ must be treated with dilute selenic acid, washed and double-stained. 

The cellular membranes, already much thinned out and partly destroyed by the 
selenic acid, are seen to be coloured red, for instance, while the protoplasmic 
filaments which pass through them are coloured blue, like the protoplasm of the 
cell-cavities, and are seen to be in continuity therewith. 

This method has allowed me to ascertain that in highly organised species, such 
as Dicotyledons, the protoplasm is continuous from the extremity of the roots to 
the extremities of the leaves. The protoplasm is differentiated in these various 
regions, and exhibits many various properties, but remains everywhere in a state of 
continuity. 

4, It seemed to me that the method for photographing doubly coloured originals, 
devised last year by MM. A. et L. Lumiére (of Lyon), would make this structure 
easily visible. By photographing my preparations according to this method, I 
have obtained examples on glass, showing the fine filaments of protoplasm coloured 
blue clearly distinguished from the cell-wall membrane, which is coloured red. 


The following Demonstrations were exhibited in the Microscopical Room of the 
Physiological Department from 2 to 4:— 


Mr. Albert F. Calvert.—The Formation of Pearls. 
Mr. E. W. L. Holt.—Interesting British Food Fishes. 
. Prof. M. Hartog.—Dividing Pollen Mother Cells. 

. Dr. Carlier.—Hiberating Gland of Hedgehog. 

. Mr. Goodchild.— Wings of Birds. 

. Dr. G. Mann.—Embryo-sac of Angiosperms. 

. Mr, A. C. Seward.—Structure of Myeloxylon. 
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Section E.—GEOGRAPHY. 


PRESIDENT OF THE SEcTIoN—Professor James Gerx1e, LL.D., D.C.L., F.RS., 
F.R.S.E., F.G.S. 


THURSDAY, AUGUST 4. 
The PRESIDENT delivered the following address :— 


Amonest the many questions upon which of late years light has been thrown by 
deep-sea exploration and geological research, not the least interesting is that of 
the geographical development of coast-lines. How is the existing distribution of 
land and water to be accounted for? Are the revolutions in the relative position 
of land and sea, to which the geological record bears witness, due to movements 
of the earth’s crust or of the hydrosphere? Why are coast-lines in some regions 
extremely regular, while elsewhere they are much indented? About 150 years 
ago the prevalent belief was that ancient sea-margins indicated a formerly higher 
ocean-level. Such was the view held by Celsius, who, from an examination of the 
coast-lands of Sweden, attributed the retreat of the sea to a gradual drying up of 
the latter. But this desiccation hypothesis was not accepted by Playfair, who 
thought it much more likely that the land had risen. It was not, however, until 
after Von Buch had visited Sweden (1806-1808), and published the results of his 
observations, that Playfair’s suggestion received much consideration. Von Buch 
concluded that the apparent retreat of the sea was not due to a general depression 
of the ocean-level, but to elevation of the land—a conclusion which subsequently 
obtained the strong support of Lyell. The authority of these celebrated men 
gained for the elevation theory more or less complete assent, and for many years 
it has been the orthodox belief of geologists that the ancient sea-margins of Sweden 
and other lands have resulted from vertical movements of the crust. It has long 
been admitted, however, that highly flexed and disturbed strata require some other 
explanation. Obviously such structures are the result of lateral compression and 
crumpling. Hence geologists have maintained that the mysterious subterranean 
forces have affected the crust in different ways. Mountain-ranges, they conceive, 
are ridged up by tangential thrusts and compression, while vast continental areas 
slowly rise and fall, with little or no disturbance of the strata. From this point 
of view it is the lithosphere that is unstable, all changes in the relative level of 
land and sea being due to crustal movements. Of late years, however, Traut- 
schold and others have begun to doubt whether this theory is wholly true, and 
to maintain that the sea-level may have changed without reference to move- 
ments of the lithosphere. Thus Hilber has suggested that sinking of the sea- 
level may be due, in part at least, to absorption, while Schmick believes that 
the apparent elevation and depression of continental areas are really the results 
of grand secular movements of the ocean. The sea, according to him, periodi- 
cally attains a high level in each hemisphere alternately, the waters being at pre- 
sent heaped up in the southern hemisphere. Professor Suess, again, believing 
that in equatorial regions the sea is, upon the whole, gaining on the land, while 
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in other latitudes the reverse would appear to be the case, points out that this is 
in harmony with his view of a periodical flux and reflux of the ocean between the 
equator and the poles. He thinks that we have no evidence of any vertical eleva- 
tion affecting wide areas, and that the only movements of elevation that take 
place are those by which mountains are upheaved. The broad invasions and 
transgressions of the continental areas by the sea, which we know have occurred 
again and again, are attributed by him to secular movements of the hydrosphere 
itself. 

Apart from all hypothesis and theory, we learn that the surface of the sea is 
not exactly spheroidal. It reaches a higher level on the borders of the continents 
than in mid-ocean, and it varies likewise in height at different places on the same 
coast. The attraction of the Himalaya, for example, suffices to cause a difference 
of 300 feet between the level of the sea at the delta of the Indus and on the coast 
of Ceylon. The recognition of such facts has led Penck to suggest that the sub- 
mergence of the maritime regions of North-west Europe and the opposite coasts of 
North America, which took place at a recent geological date, and trom which the 
lands in question have only partially recovered, may have been brought about by 
the attraction exerted by the vast ice-sheets of the Glacial period. But, as Dry- 
galski, Woodward, and others have shown, the heights at which recent marine 
deposits occur in the regions referred to are much too great to be accounted for by 
any possible distortion of the hydrosphere. The late James Croll had previously 
endeavoured to show that the accumulation of ice over northern lands during 
Glacial times would suffice to displace the earth’s centre of gravity, and thus cause 
the sea to rise upon the glaciated tracts. More recently other views have been 
advanced to explain the apparently causal connection between glaciation and 
submergence, but these need not be considered here. 

Whatever degree of importance may attach to the various hypotheses of secular 
movements of*the sea, it is obvious that the general trends of the world’s coast-lines 
are determined in the first place by the position of the dominant wrinkles of the 
lithosphere. Even if we concede that all ‘ raised beaches,’ so called, are not neces- 
sarily the result of earth-movements, and that the frequent transgressions of the 
continental areas by oceanic waters in geological times may possibly have been 
due to independent movements of the sea, still we must admit that the solid crust 
of the globe has always been subject to distortion. And this being so, we cannot 
doubt that the general trends of the world’s coast-lines must have been modified 
from time to time by movements of the lithosphere. 

As geographers we are not immediately concerned with the mode of origin of 
those vast wrinkles, nor need we speculate on the causes which may have deter- 
mined their direction. It seems, however, to be the general opinion that the con- 
figuration of the lithosphere is due simply to the sinking-in and crumpling-up of 
the crust on the cooling and contracting nucleus. But it must be admitted that 
neither physicists nor geologists are prepared with a satisfactory hypothesis to 
account for the prominent trends of the great world-ridges and troughs. Accord- 
ing to the late Professor Alexander Winchell, these trends may have been the 
result of primitive tidal action. He was of opinion that the transmeridional pro- 
gress of the tidal swell in early incrustive times on our planet would give the 
forming crust structural characteristics and aptitudes trending from north to south. 
The earliest wrinkles to come into existence, therefore, would be meridional or 
submeridional, and such, certainly; is the prevalent direction of the most con- 
spicuous earth-features. There are many terrestrial trends, however, as Professor 
Winchell knew, which do not conform to the requirements of his hypothesis ; but 
such transmeridional features, he thought, could generally be shown to be of later 
origin than the others. This is the only speculation, so far as I know, which 
attempts, perhaps not altogether unsuccessfully, to explain the origin of the main 
trends of terrestrial features. According to other authorities, however, the area 
of the earth’s crust occupied by the ocean is denser than that over which the con- 
tinental regions are spread. The depressed denser part balances the lighter elevated 
portion. But why these regions of different densities should be so distributed no 
one has yet told us. Neither does Le Conte’s view, that the continental areas and 
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the oceanic depressions owe their origin to unequal radial contraction of the earth 
in its secular cooling, help us to understand why the larger features of the globe 
should be disposed as they are. 

Geographers must for the present be content to take the world as they find 
it. What we do know is that our lands are distributed over the surface of a great 
continental plateau of irregular form, the bounding slopes of which plunge down 
more or less steeply into a vast oceanic depression. So far as geological research 
has gone, there is reason to believe that these elevated and depressed areas are of 
primeval antiquity—that they antedate the very oldest of the sedimentary forma- 
tions. There is abundant evidence, however, to show that the relatively elevated 
or continental area has been again and again irreeularly submerged under tolerably 
deep and wide seas. But all historical geology assures us that the continental 
plateau and the oceanic hollows have never changed places, although from time 
to time portions of the latter have been ridged up and added to the margins of the 
former, while ever and anon marginal portions of the plateau have sunk down to 
very considerable depths. We may thus speak of the great world-ridges as regions 
of dominant elevation, and of the profound oceanic troughs as areas of more or 
less persistent depression. From one point of view, it is true, no part of the earth’s 
surface can be looked upon as a region of dominant elevation. Our globe is a 
cooling and contracting body, and depression must always be the prevailing move- 
ment of the lithosphere. The elevation of the continental plateau is thus only 
relative. Could we conceive the crust throughout the deeper portions of the 
oceanic depression to subside to still greater depths, while at the same time the 
continental plateau remained stationary, or subsided more slowly, the sea would 
necessarily retreat from the land, and the latter would then appear to rise. It is 
improbable, however, that any extensive subsidence of the crust under the ocean 
could take place without accompanying disturbance of the continental plateau ; 
and in this case the latter might experience in places not only negative but posi- 
tive elevation. During the evolution of our continents, crustal movements have 
again and again disturbed the relative level of land and sea, but since the general 
result has been to increase the land surface and to contract the area occupied by 
the sea, it is convenient to speak of the former as the region of dominant elevation, 
and of the latter as that of prevalent depression. Properly speaking, both are 
sinking regions, the rate of subsidence within the oceanic trough being in excess 
of that experienced over the continental plateau. The question of the geographical 
development of coast-lines is therefore only that of the dry lands themselves. 

The greater land masszs are all situated upon, but are nowhere co-extensive 
with, the area of dominant elevation, for very considerable portions of the con- 
tinental plateau are still covered by the sea, Opinions may differ as to which 
fathoms-line we should take as marking approximately the boundary between that 
region and the oceanic depression ; and it is obvious, indeed, that any line selected 
must be arbitrary and more or less misleading, for it is quite certain that the true 
boundary of the continental plateau cannot lie parallel to the surface of the ocean. 
In some regions it approaches within a few hundreds of fathoms of the sea-level; 
in other places it sinks for considerably more than 1,000 fathoms below that level. 
Thus, while a very moderate elevation would in certain latitudes cause the land 
to extend to the edge of the plateau, an elevation of at least 10,000 feet would 
be required in some other places to bring about a similar result. 

Although it is true that the land surface is nowhere co-extensive with the great 
plateau, yet the existing coast-lines may be said to trend in the same general 
direction as its margins. So abruptly does the continental plateau rise from the 
oceanic trough, that a depression of the sea-level, or an elevation of the plateau, for 
10,000 feet would add only a narrow belt to the Pacific coast between Alaska 
and Cape Horn, while the gain of land on the Atlantic slope of America between 
30° N. lat. and 40° S. lat. would not be much greater, In the higher latitudes of 
the Northern Hemisphere, however, very considerable geographical changes would 
be accomplished by a much less amount of elevation of the plateau. Were the 
continental plateau to be upheaved for 3,000 feet, the major portion of the Arctic 
Sea would become land. Thus, in general terms, we may say that the coast-lines 
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of Arctic and temperate North America and Eurasia are further withdrawn from 
the edge of the continental plateau than those of lower latitudes. 

In regions where existing coast-lines approach the margin of the plateau, they 
are apt to run for long distances in one determinate direction, and, whether the 
coastal area be high or not, to show a gentle sinuosity. Their course is seldom 
interrupted by hold projecting headlands or peninsulas, or by intruding inlets, 
while fringing or marginal islands rarely occur. To these appearances the northern 
regions, as everyone knows, offer the strongest contrast. Not only do they trend 
irregularly, but their continuity is constantly interrupted by promontories and 
peninsulas, by inlets and fiords, while fringing islands abound. But an elevation 
of some 400 or 500 fathoms only would revolutionise the geography of those 
regions, and confer upon the northern coast-lines of the world the regularity which 
at present characterises those of Western Africa. 

It is obvious, therefore, that the coast-lines of such lands as Africa owe their 
regularity primarily to their approximate coincidence with the steep boundary 
slopes of the continental plateau, while the irregularities characteristic of the coast- 
line of North-western Europe and the corresponding latitudes of North America 
are determined by the superficial configuration of the same plateau, which in those 
regions is relatively more depressed. I have spoken of the general contrast 
between high and low northern latitudes, but it is needless to say that in southern 
regions the coast-lines exhibit similar contrasts. The regular coast-lines of Africa 
and South America have already been referred to, but we cannot fail to recognise 
in the much indented sea-board and the numerous coastal islands of Southern Chili 
a complete analogy to the fiord regions of high northern latitudes. Both are areas 
of comparatively recent depression. Again, the manifold irregularities of the 
coasts of South-eastern Asia, and the multitudes of islands that serve to link that 
continent to Australia and New Zealand, are all evidence that the surface of the 
continental plateau in those regions is extensively invaded by the sea. 

A word or two now as to the configuration of the oceanic trough. There can 
be no doubt that this differs very considerably from that of the land surface. It is, 
upon the whole, flat or gently undulating. Here and there it swells gently up- 
wards into broad elevated banks, some of which have been traced for great 
distances, In other places narrower ridges and abrupt mountain-like elevations 
diversify its surface, and project again and again above the level of, the sea, to form 
the numerous islets of Oceania. Once more, the sounding-line has made us 
acquainted with the notable fact that numerous deep depressions—some long and 
narrow, others relatively short and broad—stud the floor of the great trough. I 
shall have occasion to refer again to these remarkable depressions, and need at 
present only call attention to the fact that they are especially well-developed in 
the region of the Western Pacific, where the floor of the sea, at the base of the 
bounding slopes of the continental plateau, sinks in places to depths of three and 
even of five miles below the existing coast-lines. One may further note the fact 
that the deepest areas of the Atlantic are met with in like mamner close to the 
walls of the plateau—a long ridge, which rises midway between the continents and 
runs in the same general direction as their coast-lines, serving to divide the trough 
of the Atlantic into two parallel hollows. 

But, to return to our coast-lines and the question of their development, it is 
obyious that their general trends have been determined by crustal movements. 
Their regularity is in direct proportion to the closeness of their approach to the 
margin of the continental plateau. The more nearly they coincide with the edge 
of that plateau, the fewer irregularities do they present ; the further they recede 
from it, the more highly are they indented. Various other factors, it is true, have 
played a more or less important part in their development, but their dominant 
trends were undoubtedly determined at a very early period in the world’s history— 
their determination necessarily dates back, in short, to the time when the great 
world-ridges and oceanic troughs came into existence. So far as we can read the 
story told by the rocks, however, it would seem that in the earliest ages of whick 
geology can speak with any confidence the coast-lines of the world must have been 
infinitely more irregular than now. In Paleozoic times relatively small areas of 
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the continental plateau appeared above the level of the sea. Insular conditions 
everywhere prevailed. But as ages rolled on wider and wider tracts of the 
plateau were exposed, and this notwithstanding many oscillations of level. So 
that one may say there has been upon the whole a general advance from insular to 
continental conditions. In other words, the sea has continued to retreat from the 
surface of the continental plateau. To account for this change we must suppose 
that depression of the crust has been in excess within the oceanic area, and that 
now and again positive elevation of the continental plateau has taken place, more 
especially along its margins. That movements of elevation, positive or negative, 
have again and again affected our land areas can be demonstrated, and it seems 
highly probable, therefore, that similar movements may have been experienced 
within the oceanic trough. 

Two kinds of crustal movement, as we have seen, are recognised by geologists. 
Sometimes the crust appears to rise, or, as the case may be, to sink over wide 
regions, without much disturbance or tilting of strata, although these are now and 
again more or less extensively fractured and displaced. “It may conduce to clear- 
ness if we speak of these movements as regional. The other kind of crustal 
disturbance takes place more markedly in linear directions, and is always accom- 
panied by abrupt folding and mashing together of strata, along with more or less 
fracturing and displacement. The plateau of the Colorado has often been cited as 
a good example of regional elevation, where we have a wide area of approximately 
horizontal strata apparently uplifted without much rock-disturbance, while the 
Alps or any other chain of highly flexed and convoluted strata will serve as an 
example of what we may term axial or linear uplifts. It must be understood that 
both regional and axial movements result from the same cause—the adjustment 
of the solid crust to the contracting nucleus—and that the term elevation, there- 
fore, is only relative. Sometimes the sinking crust gets relief from the enormous 
lateral pressure to which it is subjected by crumpling up along lines of weakness, 
and then mountains of elevation are formed ; at other times, the pressure is relieved 
by the formation of broader swellings, when wide areas become uplifted relatively 
to surrounding regions. Geologists, however, are beginning to doubt whether up- 
heaval of the latter kind can affect a broad continental area. Probably, in most 
cases, the apparent elevation of continental regions is only negative. The land 
appears to have risen because the floor of the oceanic basin has become depressed. 
Even the smaller plateau-like elevations which occur within some continental 
regions may in a similar way owe their dominance to the sinking of contiguous 
regions. 

“In the geographical development of our land movements of elevation and 
depression have played an important part. But we cannot ignore the work done 
by other agents of change. If the orographical features of the land everywhere 
attest the potency of plutonic agents, they no less forcibly assure us that the 
inequalities of surface resulting from such movement are universally modified by 
denudation and sedimentation. Elevated plains and mountains are gradually 
demolished, and the hollows and depressions of the great continental plateau 
become slowly filled with their detritus. Thus inland seas tend to vanish, inlets 
and estuaries are silted up, and the land in places advances seaward. The energies 
of the sea, again, come in to aid those of rain and rivers, so that under the 
combined action of all the superficial agents of change the irregularities of coast- 
lines become reduced, and, were no crustal movement to intervene, would 
eventually disappear. The work accomplished by those agents upon a coast-line 
is most conspicuous in regions where the surface of the continental plateau is 
occupied by comparatively shallow seas. Here full play is given to sedimentation 
and marine erosion, while the latter alone comes into prominence upon shores that 
are washed by deeper waters. When the coast-lines advance to the edge of the 
continental plateau, they naturally trend, as we have seen, for great distances in 
some particular direction. Should they preserve that position, undisturbed by 
crustal oscillation, for a prolonged period of time, they will eventually be cut back 
by the sea. In this way a shelf or terrace will be formed, narrow in some places, 
broader in others, according to the resistance offered by the varying character of 
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the rocks. But no long inlets or fiords can result from such action. At most the 
harder and less readily demolished rocks will form headlands, while shallow bays 
will be scooped out of the more yielding masses. In short, between the narrower 
and broader parts of the eroded shelf or terrace a certain proportion will tend to 
be preserved. As the shelf is widened, sedimentation will become more and more 
effective, and in places may come to protect the land from further marine erosion. 
This action is especially conspicuous in tropical and subtropical regions, which are 
characterised by well-marked rainy seasons. In such regions immense quantities 
of sediment are washed down from the land to the sea, and tend to accumulate 
along shore, forming low alluvial flats. All long-established coast-lines thus 
acquire a characteristically sinuous form, and perhaps no better examples could be 
cited than those of Western Africa. 

To sum up, then, we may say that the chief agents concerned in the develop- 
meut of coast-lines are crustal movements, sedimentation, and marine erosion. All 
the main trends are the result of elevation and depression. Considerable 
geographical changes, however, have been brought about by the silting up of those 
shallow and sheltered seas which, in certain regions, overflow wide areas of the 
continental plateau. Throughout all the ages, indeed, epigene agents have striven 
to reduce the superficial inequalities of that plateau by levelling heights and 
filling up depressions, and thus, as it were, flattening out the land surface and 
causing it to extend. The erosive action of the sea, from our present point of 
view, is of comparatively little importance. It merely adds a few finishing touches 
to the work performed by the other agents of change. 

A glance at the geographical evolution of our own continent will render this 
sufficiently evident. Viewed in detail, the structure of Europe is exceedingly 
complicated, but there are certain leading features in its architecture which no 
profound analysis is required to detect. We note, in the first place, that highly 
disturbed rocks of Archean and Paleozoic age reach their greatest development 
along the north-western and western borders of our continent, as in Scandinavia, 
the British Islands, North-west France, and the Iberian Peninsula. Another belt 
of similarly disturbed strata of like age traverses Central Europe from west to 
east, and is seen in the south of Ireland, Cornwall, North-west France, the 
Ardennes, the Thiiringerwald, the Erzgebirge, the Riesengebirge, the Béhmerwald, 
and other heights of Middle and Southern Germany. Strata of Mesozoic and 
Cainozoic age rest upon the older systems in such a way as to show that the latter 
had been much folded, fractured, and denuded before they came to be covered 
with younger formations. North and north-east of the central belt of ancient 
rocks just referred to, the sedimentary strata that extend to the shores of the 
Baltic and over a vast region in Russia range in age from Paleozoic down to 
Cainozoic times, and are disposed for the most part in gentle undulations: they 
are either approximately horizontal or slightly inclined. Unlike the disturbed 
rocks of the maritime regions and of Central Europe, they have obviously been 
subjected to comparatively little folding since the time of their deposition. To the 
south of the primitive backbons of Central Europe succeeds a region composed 
superficially of Mesozoic and Cainozoic strata for the most part, which, along with 
underlying Paleozoic and Archzan rocks, are often highly flexed and ridged up, 
as in the chains of the Jura, the Alps, the Carpathians, &c. One may say, in 
general terms, that throughout the whole Mediterranean area Archean and 
Paleozoic rocks appear at the surface only when they form the nuclei of mountains 
of elevation into the composition of which rocks of younger age largely enter. 

From this bald and meagre outline of the general geological structure of 
Europe, we may gather that the leading orographical features of our continent 
began to be developed at a very early period. Unquestionably the oldest land 
areas are represented by the disturbed Archean and Paleozoic rocks of the 
Atlantic sea-board and Central Europe. Examination of those tracts shows that 
they have experienced excessive denudation. The Archean and Paleozoic masses, 
distributed along the margin of the Atlantic, are the mere wrecks of what, in 
earlier ages, must have been lofty regions, the mountain-chains of which may well 
have rivalled or even exceeded in height the Alps of to-day. They, together with 
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the old disturbed rocks of Central Europe, formed for a long time the only land in 
our area. Between the ancient Scandinavian tract in the North and a narrow 
interrupted belt in Central Europe stretched a shallow sea, which covered all the 
regions that now form our Great Plain ; while immediately south of the central 
belt lay the wide depression of the Mediterranean—for as yet the Pyrenees, the 
Alps, and the Carpathians were not. Both the Mediterranean and the Russo- 
Germanic sea communicated with the Atlantic. As time went on land continued 
to be developed along the same lines, a result due partly to crustal movements, 
partly to sedimentation. Thus by-and-by the relatively shallow Russo-Germanic 
sea became silted up, while the Mediterranean shore-line advanced southwards. 
It is interesting to note that the latter sea, down to the close of Tertiary times, 
seems always to have communicated freely with the Atlantic, and to have been 
relatively deep. The Russo-Germanic sea, on the contrary, while now and again 
opening widely into the Atlantic, and attaining considerable depths in its western 
reaches, remained on the whole shallow, and ever and anon vanished from wide 
areas to contract into a series of inland seas and large salt lakes. 

Reduced to its simplest elements, therefore, the structure of Europe shows two 
primitive ridges—one extending with some interruptions along the Atlantic sea- 
board, the other traversing Central Europe from west to east, and separating the 
area of the Great Plain from the Mediterranean basin. The excessive denudation 
which the more ancient lands have undergone, and the great uplifts of Mesozoic 
and of Cainozoic times, together with the comparatively recent submergence of 
broad tracts in the north and north-west, have not succeeded in obscuring the 
dominant features in the architecture of our continent. 

I now proceed to trace, as rapidly as I can, the geographical development of 
the coast-lines of the Atlantic as a whole, and to point out the chief contrasts 
between them and those of the Pacific. The extreme irregularity of the Arctic 
and Atlantic shores of Europe at once suggests to a geologist a partially drowned 
land, the superficial inequalities of which are accountable for the vagaries of the 
coast-lines. The fiords of Norway and Scotland occupy what were at no distant 
date land valleys, and the numerous marginal islands of those regions are merely 
the projecting portions of a recently sunken area. The continental plateau 
extends up to and a little beyond the 10(-fathoms line, and there are many 
indications that the land formerly reached as far. Thus the sunken area is tra- 
versed by valley-like depressions, which widen as they pass outwards to the edge 
of the plateau, and have all the appearance of being hollows of subaerial erosion. 
I have already mentioned the fact that the Scandinavian uplands and the Scottish 
Highlands are the relics of what were at one time true mountains of elevation, 
corresponding in the mode of their formation to those of Switzerland, and, like 
these, attaining a great elevation. During subsequent stages of Paleeozoic times 
that highly elevated region was subjected to long-continued and profound erosion 
—the mountain country was planed down over wide regions to sea-level, and 
broad stretches of the reduced land surface became submerged. Younger Paleo- 
zoic formations then accumulated upon the drowned land, until eventually renewed 
crustal disturbance supervened, and the marginal areas of the continental plateau 
again appeared as dry land, but not, as before, in the form of mountains of eleva- 
tion. Lofty table-lands now took the place of abrupt and serrated ranges and 
chains—table-lands which, in their turn, were destined in the course of long ages 
to be deeply sculptured and furrowed by subaerial agents. During this process 
the European coast-line would seem to have coincided more or less closely with 
the edge of the continental plateau. Finally, after many subsequent movements 
of the crust in these latitudes, the land became partially submerged—a condition 
from which North-western and Northern Europe would appear in recent times to 
be slowly recovering. Thus the highly indented coast-line of those regions does 
not coincide with the edge of the plateau, but with those irrecularities of its upper 
surface which are the result of antecedent subaerial erosion. 

Mention has been made of the Russo-Germanic plain and the Mediterranean 
as representing original depressions in the continental plateau, and of the high 
grounds that extend between them as regions of dominant elevation, which, 
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throughout all the manifold revolutions of the past, would appear to have per- 
sisted as a more or less well-marked boundary, separating the northern from the 
southern basin. During certain periods it was no doubt in some degree submerged, 
but never apparently to the same extent as the depressed areas it served to sepa- 
rate. From time to time uplifts continued to take place along this central belt, 
which thus increased in breadth, the younger formations, which were accumulated 
along the margins of the two basins, being successively ridged up against nuclei 
of older rocks. The latest great crustal movements in our continent, resulting in 
the uplift of the Alps and other east and west ranges of similar age, have still 
further widened that ancient belt of dominant elevation which in our day forms 
the most marked orographical feature of urope. 

The Russo-Germanic basin is now for the most part land, the Baltic and the 
North Sea representing its still submerged portions: This basin, as already re- 
marked, was probably never so deep as that of the Mediterranean. We gather as 
much from the fact that while mechanical sediments of comparatively shallow- 
water origin predominate in the former area, limestones are the characteristic 
features of the southern region. Its relative shallowness helps us to understand 
why the northern depression should have been silted up more completely than the 
Mediterranean. We must remember also that for long ages it received the drain- 
age of a much more extensive land surface than the latter, the land that sloped 
towards the Mediterranean in Palaeozoic and Mesozoic times being of relatively 
little importance. Thus the crustal movements which ever and anon depressed 
the Russo-Germanic area were, in the long run, counterbalanced by sedimentation. 
The uplift of the Alps, the Atlas, and other east and west ranges has greatly con- 
tracted the area of the Mediterranean, and sedimentation has also acted in the 
same direction, but it is highly probable that that sea is now as deep as, or even 
deeper than, it has ever been. It occupies a primitive depression in which the 
rate of subsidence has exceeded that of sedimentation. In many respects, indeed, 
this remarkable transmeridional hollow—continued eastward in the Red Sea, the 
Black Sea, and the Aralo-Caspian depression—is analogous, as we shall see, to the 
great oceanic trough itself. 

In the earlier geological periods linear or axial uplifts and volcanic action 
again and again marked the growth of the land on the Atlantic sea-board. But 
after Paleozoic times no great mountains of elevation came into existence in that 
region, while volcanic action almost ceased. In Tertiary times, it is true, there 
was a remarkable recrudescence of volcanic activity, but the massive eruptions of 
Antrim and Western Scotland, of the Fserée Islands and Iceland, must be con- 
sidered apart from the general geology of our continent. From Mesozoic times 
onwards it was along the borders of the Mediterranean depression that great 


-- mountain uplifts and volcanoes chiefly presented themselves; and as the land 
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surface extended southwards from Central Hurope, and the area of the Mediter- 
ranean was contracted, volcanic action followed the advancing shore-lines. The 
occurrence of numerous extinct and of still existing volcanoes along the borders 
of this inland sea, the evidence of recent crustal movements so commonly met 
with upon its margins, the great irregularities of its depths, the proximity of vast 
axial uplifts of late geological age, and the frequency of earthquake phenomena, 
all indicate instability, and remind us strongly of similarly constructed and dis- 
turbed regions within the area of the vast Pacific. 

Let us now look at the Arctic and Antarctic coast-lines of North America. 
¥rom the extreme north down to the latitude of New York the shores are 
obviously those of a partially submerged region. They are of the same type as 
the coasts of North-western Europe. We have every reason to believe also that 
the depression of Greenland and North-east America, from which these lands have 
only partially recovered, dates back to a comparatively recent period. The fiords 


‘and inlets, like those of Europe, are merely half-drowned land valleys, and the 


continental shelf is crossed by deep hollows which are evidently only the seaward 
continuations of well-marked terrestrial features. Such, for example, is the case 
with the valleys of the Hudson and the St. Lawrence, the submerged portions of 
which can be followed out to the edge of the continental plateau, which is notched 
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by them at depths of 474 and 622 fathoms respectively. There is, in short, a 
broad resemblance between the coasts of the entire Arctic and North Atlantic 
regions down to the latitudes already mentioned. Everywhere they are 
irregular and fringed with islands in less or greater abundance—highly denuded 
and deeply incised plateaus being penetrated by fiords, while low-lying. and 
undulating lands that shelve gently seaward are invaded by shallow bays and 
inlets. Comparing the American with the opposite European coasts one cannot 
help being struck with certain other resemblances. Thus Hudson Bay at once 
suggests the Baltic, and the Gulf of Mexico, with the Caribbean Sea, recalls the 
Mediterranean. But the geological] structure of the coast-lands of Greenland 
and North America betrays a much closer resemblance between these and the 
opposite shores of Europe than appears on a glance at the map. There is some- 
thing more than a mere superficial similarity. In eastern North America and 
Greenland, just as in Western Europe, no grand mountain uplifts have taken 
place for a prodigious time. The latest great upheavals, which were accompanied 
by much folding and flexing of strata, are those of the Apallachian chain and of the 
coastal ranges extending through New England, Nova Scotia, and Newfoundland, 
all of which are of Paleozoic age. Considerable crustal movements affected the 
American coast-lands in Mesozoic times, and during these uplifts the strata 
suffered fracture and displacement, but were subjected to comparatively little 
folding. Again, along the maritime borders of North-east America, as in the 
corresponding coast-lands of Europe, igneous action, more or les3 abundant in 
Paleozoic and early Mesozoic times, has since been quiescent. I'rom the mouth of 
the Hudson to the Straits of Florida the coast-lands are composed of Tertiary and 
Quaternary deposits. This shows that the land has continued down to recent 
times to gain upon the sea—a result brought about partly by quiet crustal move- 
ments, but to a large extent by sedimentation, aided, on the coasts of Florida, by 
the action of reef-building corals. 

Although voleanic action has long ceased on the American sea-board, we note 


that in Greenland, as in the West of Scotland and North of Ireland, there is abun- 


dant evidence of volcanic activity at so late a period as the Tertiary. It would 
appear that the great plateau-basalts of those regions, and of Iceland and the 
Ferée Islands, were contemporaneous, and possibly connected with an important 
crustal movement. It has long been suggested that at a very early geological 
period Europe and North America may have been united. The great thickness 
attained by the Palseozoic rocks in the eastern areas of the latter implies the 
existence of a wide land surface from which ancient sediments were derived. 
That old land must have extended beyond the existing coast-line, but how far we 
cannot tell. Similarly in North-west Europe, during early Paleozoic times, the 
land probably stretched further into the Atlantic than at present. But whether, 
as some think, an actual land connection subsisted between the two continents it 
is impossible to say. Some such connection was formerly supposed necessary to 
account for the emigration and immigration of certain marine forms of life which 
are common to the Palzeozoic strata of both coutinents, and which, as they were 
probably denizens of comparatively shallow water, could only have crossed from 
one area to another along a shore-line. It is obvious, indeed, that if the oceanic 
troughs in those early days were of an abysmal character, a belt of shallow water 
would be required to explain the geographical distribution of cosmopolitan marine 
life-forms. But if it be true that subsidence of the crust has been going on through 
all geological time, and that the land areas have notwithstanding continued to ex- 
tend over the continental plateau, then it follows that the oceanic trough must be 
deeper now than it was in Paleozoic times. There are, moreover, certain geological, 
facts which seem hardly explicable on the assumption that the seas of past ages 
attained abysmal depths over any extensive areas. The Paleozoic strata which 
enter so largely into the framework of our lands have much the same appearance all 
the world over, and were accumulated for the most part in comparatively shallow 


water. A petrographical description of the Paleozoic mechanical sediments of _ 


Europe would serve almost equally well for those of America, of Asia, or of 
Australia. Take in connection with this the fact that Paleozoic faunas had a 
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very much wider range than those of Mesozoic and later ages, and were characterised 
above all by the presence of many cosmopolitan species, and we can hardly resist 
the conclusion that it was the comparative shallowness of the ancient seas that 
favoured that wide dispersal of species, and enabled currents to distribute sedi- 
ments the same in kind over such vast regions. As the oceanic area deepened and 
contracted, and the land surface increased, marine faunas were gradually restricted 
in their range, and cosmopolitan marine forms diminished in numbers, while sedi- 
ments, gathering in separate regions, became more and more differentiated. or 
these and other reasons, which need not be entered upon here, I see no necessity for 
supposing that a Paleozoic Atlantis connected Europe with North America. The 
broad ridge upon which the Feerée Islands and Iceland are founded seems to 
pertain as truly to the oceanic depression as the long Dolphin Ridge of the South 
Atlantic. The trend of the continental plateau in high latitudes is shown, as I 
think, by the general direction of the coast-lines of North-western Europe and East 
Greenland, the continental shelf being submerged in those regions for a few hundred 
fathoms only. How the Icelandic ridge came into existence, and what its age may 
be, we can only conjecture. It may be a wrinkle as old as the oceanic trough 
which it traverses, or its origin may date back to a much more recent period. We 
may conceive it to be an area which has subsided more slowly than the floor 
of the ocean to the north and south; or, on the other hand, it may be a belt of 
positive elevation. Perhaps the latter is the more probable supposition, for it 
seems very unlikely that crustal disturbances, resulting in axial and regional 
uplifts, should have been confined to the continental plateau only. Be that as it 
may, there is little doubt that land connection did obtain between Greenland 
and Europe in Cainozoic times, along this Icelandic ridge, for relics of the same 
Tertiary flora are found in Scotland, the Firde Islands, Iceland, and Greenland. ° 
The deposits in which these plant-remains occur are associated with great sheets 
of volcanic rocks, which in the Ferée Islands and Iceland reach a thickness of 
many thousand feet. Of the same age are the massive basalts of Jan Mayen, 
Spitzbergen, Franz Joseph Land, and Greenland. These lavas seem seldom ‘to 
have issued from isolated foci in the manner of modern eruptions, but rather to 
have welled up along the lines of rectilineal fissures. From the analogy of similar 
phenomena in other parts of the world it might be inferred that the voleanie action 
of these northern regions may have been connected with 4 movement of elevation, 
and that the Icelandic ridge, if it did not come into existence during the Tertiary 
period, was at all events greatly upheaved at that time. It would seem most likely, 
in short, that the volcanic action in question was connected mainly with crustal 
movements in the oceanic trough. Similar phenomena, as is well known, are met 
with further south in the trough of the Atlantic. Thus the voleanic Azores rise 
like Iceland from the surface of a broad ridge which is separated from the conti- 
nental plateau by wide and deep depressions. ~ And so again, from the back of the 
great Dolphin Ridge, spring the volcanic islets of St. Paul’s, Ascension, and Tristan 
d’Acunha. 

T have treated of the Icelandic bank at some length for the purpose of showing 
that its volcanic phenomena do not really form an exception to the rule that such 
eruptions ceased after Paleozoic or early Mesozoic times to disturb the Atlantic 
coast-lines of Europe and North America. As the bank in question extends 
between Greenland and the British Islands, it was only natural that both those 
regions should be affected by its movements. But its history pertains essentially 
to that of the Atlantic trough; and it seems to show us how transmeridional 
movements of the crust, accompanied by vast discharges of igneous rock, may come 
in time to form land connections between what are now widely separated areas. 

Let us next turn our attention to the coast-lines of the Gulf of Mexico and the 
Caribbean Sea. These enclosed seas have frequently been compared to the Medi- 
terranean, and the resemblance is self-evident. Indeed, it is so close that one may 
say the Mexican-Caribbean Sea and the Mediterranean are rather homologous than 
simply analogous. The latter, as we have seen, occupies a primitive depression, 
and formerly covered a much wider area. It extended at one time over. much of 
Southern Europe and Northern Africa, and appears to have had full communica- 
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tion across Asia Minor with the Indian Ocean, and with the Arctic Ocean athwart 
the low-lying tracts of North-western Asia. Similarly, it would seem, the Mexican- 
Caribbean Sea is the remaining portion of an ancient inlend sea which formerly 
stretched north through the heart of North America to the Arctic Ocean. Like 
its European parallel, it has been diminished by sedimentation and crustal move- 
ments. It resembles the latter also in the greatness and irregularity of its depths, 
and in the evidence which its islands supply of volcanic action as well as of very 
considerable crustal movements within recent geological times. Along the whole 
northern borders of the Gulf of Mexico the coast-lands, like those on the Atlantic 
sea-board of the Southern States, are composed of Tertiary and recent accumulations, 
and the same is the case with Yucatan; while similar young formations are met 
with on the borders of the Caribbean Sea and in the Antilles. The Bahamas and 
the Windward Islands mark out for us the margin of the continental plateau, which 
here falls away abruptly to profound depths. One feels assured that this portion 
of the plateau has been ridged up to its present level at no distant geological date. 
But notwithstanding all the evidence of recent extensive crustal movements in this 
region, it is obvious that the Mexican-Caribbean depression, however much it may 
have been subsequently modified, is of primitive origin. 

Before we leave the coast-lands of North America I would again point out 
their leading geological features. In a word, then, they are composed for the most 
part of Archean and Palwozoic rocks: no great linear or axial uplifts marked by 
much flexure of strata have taken place in those regions since Paleozoic times ; 
while igneous action virtually ceased about the close of the Paleozoic or the com- 
mencement of the Mesozoic period. It is not before we reach the shores of the 
Southern States and the coast-lands of the Mexican-Caribbean Sea that we 
encounter notable accumulations of Mesozoic, Tertiary, and younger age. These 
occur in approximately horizontal positions round the Gulf of Mexico, but in the 
Sierra Nevada of Northern Colombia and the Cordilleras of Venezuela Tertiary strata 
enter into the formation of true mountains of elevation. Thus the Mexican-Caribbean 
depression, like that of the Mediterranean, is characterised, not only by its irregular 
depths and its volcanic phenomena, but by the propinquity of recent mountains of 
upheaval, which bear the same relation to the Caribbean Sea that the mountains of 
North Africa do to the Mediterranean. 

We may now compare the Atlantic coasts of South America with those of 
Africa. The former coincide in general direction with the edge of the continental 
plateau, to which they closely approach between Cape St. Roque and Cape Frio. 
In the north-east, between Cape Paria, opposite Trinidad, and Cape St. Roque, the 
continental shelf attains a considerably greater breadth, while south of Cape Frio 
it gradually widens until, in the extreme south, it runs out towards the east in the 
form of a narrow ridge, upon the top of which rise the Falkland Islands and South 
Georgia. Excluding from consideration for the present all recent alluvial and 
Tertiary deposits, we may say that the coast-lands from Venezuela down to the 
South of Brazil are composed principally of Archzean rocks; the eastern borders of 
the continent further south being formed of Quaternary and Tertiary accumulations, 
So far as we know, igneous rocks are of rare occurrence on the Atiantic sea-board. 
Paleozoic strata approach the coast-lands at various points between the mouths 
of the Amazons and La Plata, and these, with the underlying and surrounding 
Archean rocks, are more or less folded and disturbed, while the younger strata of 
Mesozoic and Cainozoic age (occupying wide regions in the basin of the Amazons, 
and here and there fringing the sea-coast), occur in approximately horizontal 
positions. It would appear, therefore, that no great axial uplifts have taken place 
in those regions since Palzozoic times. The crustal movements of later ages were 
regional rather than axial; the younger rocks are not flexed and mashed together, 
and their elevation (negative or positive) does not seem to have been accompanied 
by conspicuous volcanic action. 


’ Professor Suess thinks it is probable that the Caribbean Sea and the Mediter- 
ranean are portions of one and the same primitive depression which traversed the 
Atlantic area in early Cretaceous times. He further suggests that it may have been 
through the gradual widening of this central Mediterranean that the Atlantic in later 
times came into existence. 
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The varying width of the continental shelf is due to several causes. The 
Orinoco, the Amazons, and other rivers descending to the north-east coast, carry 
enormous quantities of sediment, much of which comes to rest on the submerged 
slopes of the continental plateau, so that the continental shelf tends to extend 
seawards. The same process takes place on the south-east coast, where the River 
Plate discharges its muddy waters. South of latitude 40° S., however, another 
cause has come into play. I‘rom the mouth of the Rio Negro to the terminal point 
of the continent the whole character of the coast betokens a geologically recent 
emergence, accompanied and followed by considerable marine erosion. So that in 
this region the continental shelf increases in width by the retreat of the coast-line, 
while in the north-east it gains by advancing seawards. It is to be noted, however, 
that even there, in places where the shores are formed of alluvia, the sea tends to 
encroach upon the land. 

The Atlantic coast of Africa resembles that of South America in certain 
respects, hut it also offers some important contrasts. As the northern eoasts of 
Venezuela and Colombia must be considered in relation rather to the Caribbean 
depression than to the Atlantic, so the African sea-board between Cape Spartel and 
Cape Nun pertains structurally to the Mediterranean region. From the southern 
limits of Morocco to Cape Colony the coastal heights are composed chiefly of 
Archean and Paleozoic rocks, the low shore-lands showing here and there strata of 
Mesozoic and Tertiary age together with still more recent deposits. The existing 
coast-lines everywhere advance close to the edge of the continental plateau, so that 
the submarine shelf is relatively narrower than that of Kastern South America. 
The African coast is still further distinguished from that of South America by the 
presence of several groups of volcanic islands—Fernando Po and others in the Gulf 
of Guinea, and Cape Verde and Canary Islands. The last-named group, how- 
ever, notwithstanding its geographical position, is probably related rather to the 
Mediterranean depression than to the Atlantic trough. 

The geological structure of the African coast-lands shows that the earliest to 
come into existence were those that extend between Cape Nun and the Cape of Good 
Hope. ‘The coastal ranges of that section are much denuded, for they are of very 
great antiquity, having been ridged up in Paleozoic times. The later uplifts 
(negative or positive) of the same region were not attended by tilting and folding 
of strata, for the Mesozoic and Tertiary deposits, Jike those of South America, lie 
in comparatively horizontal positions. Between Cape Nun and Cape Spartel the 
rocks of the maritime tracts range in age from Paleozoic to Cainozoic, and have 
been traced across Morocco into Algeria and Tunis. They all belong to the Medi- 
terranean region, and were deposited at a time when the southern shores of that 
inland sea extended from a point opposite the Canary Islands along what is now 
the southern margin of Morocco, Algeria, and Tunis. Towards the close of the 
Tertiary period the final upheaval of the Atlas took place, and the Mediterranean, 
retreating northwards, became an almost land-locked sea. 

I need hardly stop to point out how the African coast-lines haye been modified 
by marine erosion and the accumulation of sediment upon the continental shelf. 
The extreme regularity of the coasts is due partly to the fact that the land is 
nearly coextensive with the continental plateau, but it also results in large mea- 
sure trom the extreme antiquity of the land itself. This has allowed of the cutting- 
back of headlands and the filling up of bays and inlets, a process which has been 
going on between Morocco and Cape Colony with probably little interruption for 
a very prolonged period of time. We may note also the effect of the heavy rains 
of the equatorial region in washing down detritus to the shores, and in this way 
protecting the land to some extent from the erosive action of the sea. 

What now, let us ask, are the outstanding features of the coast-lines of the 
Atlantic Ocean? We have seen that along the margins of each of the bordering 
continents the last series of great mountain-uplifts took place in Paleozoic times, 
This is true alike for North and South America, for Europe and Africa. Later 
movements which have added to the extent of land were not marked by the extreme 
folding of strata which attended the early upheavals. The Mesozoic:and Cainozoic 
rocks, which now and again form the shore-lands, occur in more or less undisturbed 
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condition, The only great linear uplifts or true mountains of elevation which-have 
come into existence in Western Europe and North Africa since the, Paleozoic 
period trend approximately at right angles to the direction of the Atlantic trough, 
and are obviously related to the primitive depression of the Mediterranean, ‘The 
Pyrenees and the Atlas, therefore, although their latest elevation took place in 
Tertiary times, form no exceptions to the rule that the extreme flexing and folding 
of strata which is so conspicuous a feature in the geological structure of the 
Atlantic sea-board dates back to the Paleozoic era. And. the same holds true of 
North and South America. There all the coastal ranges of highly flexed and folded 
strata are of Paleozoic age. The Cordilleras of Venezuela are no doubt a Tertiary 
uplift, but they are as obviously related to the Caribbean depression as the Atlas 
ranges are to that of the Mediterranean. Again, we note that volcanic activity 
along the borders of the Atlantic was much less pronounced during the Mesozoic 
period than it appears to have been in earlier ages: Indeed, if we except the great 
‘Tertiary basalt-flows of the Icelandic ridge and the Arctic regions, we may say that 
volcanic action almost ceased after the Paleozoic era to manifest itself upon the 
Atlantic coast-lands of North America and Europe. But while volcanic action has 
died out upon the Atlantic margins of both continents, it has continued during a 
- prolonged geological period within the area of the Mediterranean depression. And 
in like manner the corresponding depression between North and South America 
has been the scene of volcanic disturbances from Mesozoic down to recent times. 
Along the African coasts the only displays of recent voleanic action that appertain 
tu the continental margin are those of the Gulf of Guinea and the Cape de Verde 
Islands. The Canary Islands and Madeira may come under the same category, but, 
as we have seen, they appear to stand in relationship to the Mediterranean depres- 
_sion and the Tertiary uplift of North Africa. Of Iceland and the Azores I have 
already spoken, and of Ascension and the other volcanic islets of the South Atlantic 
it is needless to say that they are related to wrinkles in the trough of the ocean, 
and therefore have no immediate connection with the continental plateau. 

Thus in the geographical development of the Atlantic coast-lines we may 
note the following stages:—Fvrst, in Palzozoic times the formation of great 
mountain-uplifts, frequently accompanied by voleanic action. Second, a pro- 
longed stage of comparative coastal tranquillity, during which the maritime ranges 
referred to were subject to such excessive erosion that they were planed down to 
low levels, and in certain areas even submerged. Third, renewed elevation (nega- 
.tive or positive) whereby considerable portions of the much denuded Archean and 
Paleozoic rocks, now largely covered by younger deposits, were converted into 
high lands. During this stage not much rock-folding took place, nor were any 
.true mountains of elevation formed parallel to the Atlantic margins. It was 
otherwise, however, in the Mediterranean and Caribbean depressions, where coastal 
movements resulted in the formation of enormous linear uplifis. Moreover, vol- 
‘canic action is now and has for a long time been more characteristic of these 
‘depressions than of the Atlantic coast-lands. 

I must now ask you to take a comprehensive glance at the coast-lines of the 
Pacific Ocean. In some important respects these offer a striking contrast to those 
we have been considering. Time will not allow me to enter into detailed descrip- 
tion, and I must therefore confine attention to certain salient features. Examining 
first the shores of the Americas, we find that there are two well-marked regions of 
fiords and fringing islands—namely, the coasts of Alaska and British Columbia, 
and of South America from 40° 8. Jat. to Cape Horn, Although these regions 
may be now extending seawards in places, it is obvious that they have 
recently been subject to submergence. When the fiords of Alaska and British 
Golumbia existed as land valleys it is probable that a broad land connection 
obtained between North America and Asia. The whole Pacific coast is margined 
by mountain-ranges, which in elevation and boldness far exceed those of the 
Atlantic sea-board. The rocks entering into their formation range in age from 
Archean and Paleozoic down to Cainozoic, and they are almost everywhere 
highly disturbed and flexed, It is not necessary, even if it were possible, to 
consider the geological history of all those uplifted masses. It is enough for my 
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purpose to note the fact that-the coastal ranges of North America and the principal 
chain of the Andes were all elevated in ‘Tertiary times. It may be remarked, 
further, that from the Mesozoic period down to the present the Pacific borders of 
America haye been the scene of volcanic activity far in excess of what has been 
experienced on the Atlantic sea-board. 

Geographically the Asiatic coasts of the Pacific offer a strong contrast to those 
of the American borders. The latter, as we have seen, are for the most part not 
far removed from the edge of the continental plateau. The coasts of the mainland 
of Asia, on the other hand, retire to a great distance, the true margin of the 
plateau being marked out by that great chain of islands which extends from 
Kamchatka south to the Philippines and New Guinea. The seas lying between 
those islands and the mainland occupy depressions in the continental plateau. 
Were that plateau to be lifted up for 6,000 or 7,000 feet the seas referred to would 
be enclosed by continuous land, and all the principal islands of the East Indian 
Archipelago—Sumatra, Java, Celebes, and New Guinea—would become united to 
themselves as well as to Australia and New Zealand. In short, it is the relatively 
depressed condition of the continental plateau along the western borders of the 
Pacific basin that causes the Asiatic coast-lines to differ so strikingly from those of 
America, 

From a geological point of view the differences are Jess striking than the 
resemblances. It is true that we have as yet a very imperfect knowledge of the 
geological structure of Eastern Asia, but we know enough to justify the conclusion 
that in its main features that region does not differ essentially from Western North 
America. During Mesozoic and Cainozoic times the sea appears to have over- 
flowed vast tracts of Manchooria and China, and even to have penetrated into 
what is now the great Desert of Gobi. Subsequent crustal movements revo- 
lutionised the geography of all those regions. Great ranges of linear uplifts came 
into existence, and in these the younger formations, together with the foundations 
on which they rested, were squeezed into folds and ridged up against the nuclei of 
Paleozoic and Archzean rocks which had hitherto formed the only dry land. The 
latest of these grand upheavals are of Tertiary age, and, like those of the Pacific 
slope of America, they were accompanied by excessive volcanic action. The long 
chains of islands that flank the shores of Asia we must look upon as a series of 
partially submerged or partially emerged mountain-ranges, analogous geographi- 
cally to the coast ranges of North and Central America, and to the youngest 
Cordilleras of South America. The presence of numerous active and recently 
extinct volcanoes, taken in connection with the occurrence of many great depres- 
sions which furrow the floor of the sea in the East Indian Archipelago, and the 
profound depths attained by the Pacific trough along the borders of Japan and the 
Kurile and Aleutian Islands—all indicate conditions of very considerable instability 
of the lithosphere. We are not surprised, therefore, to meet with much apparently 
conflicting evidence of elevation and depression in the coast-lands of Eastern Asia, 
where in some places the sea would seem to be encroaching, while in other regions 
it is retreating. In all earthquake-ridden and volcanic areas such irregular coastal 
changes may be looked for. So extreme are the irregularities of the sea-floor 
in the area lying between Australia, the Solomon Islands, the New Hebrides, and 
New Zealand, and so great are the depths attained by many of the depressions, 
that the margins of the continental plateau are harder to trace here than anywhere 
else in the world. The bottom of the oceanic trough throughout a large portion 
of the Southern and Western Pacific is, in fact, traversed by many great mountain 
ridges, the summits of which approach the surface again and again to form the 
numerous islets of Polynesia. But notwithstanding the considerable depths that 
separate Australia from New Zealand there is geological evidence to show that a 
land connection formerly linked both to Asia. The continental plateau, therefore, 
must be held to include New Caledonia and New Zealand. Wence the voleanic 
islets of the Solomon and New Hebrides groups are related to Australia in the 
same way as the Liu-kiu, Japanese, and Kurile Islands are to Asia. 

Having rapidly sketched the more prominent features of the Pacific coast-lines, 
We are in a position to realise the remarkable contrast they present to the coast- 
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lines of the Atlantic. The highly folded strata of the Atlantic sea-board are the 
relics of great mountains of upheaval, the origin of which cannot be assigned to a 
more recent date than Paleozoic times. During subsequent crustal movements 
no mountains of corrugated strata were uplifted along the Atlantic margins, the 
Mesozoic and Cainozoic strata of the coastal regions showing little or no disturb- 
ance. It is quite in keeping with all this that volcanic action appears to have been 
most strongly manifested in Paleeozoic times. So many long ages have passed 
since the upheaval of the Archzean and Paleozoic mountains of the Atlantic sea- 
board that these heights have everywhere lost the character of true mountains of 
elevation. Planed down to low levels, partially submerged and covered to some 
extent by newer formations, they have in many places been again converted into 
dry lands, forming plateaus—now sorely denuded and cut up into mountains and 
valleys of erosion. Why the later movements along the borders of the Atlantic 
basin should not have resulted in the wholesale plication of the younger sediment- 
ary rocks is a question for geologists, It Sault seem as if the Atlantic margins 
had reached a stage of comparative stability long before the grand Tertiary uplifts 
of the Pacific borders had taken place; for, as we have seen, the Mesozoic and 
Cainozoic strata of the Atlantic coast-lands show little or no trace of having been 
subjected to tangential thrusting and crushing. Hence one cannot help suspecting 
that the retreat of the sea during Mesozoic and Cainozoic ages may have been due 
rather to subsidence of the oceanic trough and to sedimentation within the con- 
tinental area than to positive elevation of the land. 

Over the Pacific trough, likewise, depression has probably been in progress 
more or less continuously since Paleozoic times, and this movement alone must 
have tended to withdraw the sea from the surface of the continental plateau in 
Asia and America. But by far the most important coastal changes in those 
regions have been brought about by the crumpling up of the plateau, and the for- 
mation of gigantic mountains of upbeaval along its margins. From remotest 
geological periods down almost to the present the land area has been increased 
from time to time by the doubling-up and consequent elevation of coastal accumu- 
lations and by the eruption of yast masses of volcanic materials. It is this long- 
continued activity of the plutonic forces within the Pacific area which has caused 
the coast-lands of that basin to contrast so strongly with those of the Atlantic. 
The latter are incomparably older than the former, the heights of the Atlantic 
borders being mountains of denudation of vast geological antiquity, while the 
coastal ranges of the Pacific slope are creations but of yesterday as it were. It 
may well be that those Cordilleras and mountain-chains reach a greater height 
than was ever attained by any Paleozoic uplifts of the Atlantic borders. But the 
marked disparity in elevation between the coast-lands of the Pacific and the 
Atlantic is due chiefly to a profound difference in age. Tad the Pacific coast- 
lands existed for as long a period and suffered as much erosion as the ancient rocks 
of the Atlantic sea-board, they would now have little elevation to boast of. 

The coast-lines of the Indian Ocean are not, upon the whole, far removed from. 
the margin of the continental plateau. The elevation of East Africa for 6,000 feet 
would add only a very narrow belt to the land. This would still leave Madagascar 
an island, but there are geological reasons for concluding that this island was at a 
far distant period united to Africa, and it must therefore be considered as forming 
a portion of the continental plateau. The great depths which now separate it from 
the mainland are probably due to local subsidence, connected with voleanic action 
in Madagascar itself and in the Comoro Islands. The southern coasts of Asia, like 
those of East Africa, approach the edge of the continental plateau, so that an ele- 
vation of 6,600 feet would make little addition to the land area. With the same 
amount of upheaval, however, the Malay Peninsula, Sumatra, Java, and West 
Australia would become united, but without extending much further seawards. 
Land connection, as we know, existed in Mesozoic times between Asia, Australia, 
and New Zealand, but the coast-lines of that distant period must have differed 
considerably from those that would appear were the regions in question to experi- 
ence now a general elevation. The Archean and Palzozoic rocks of the Malay 
Peninsula and Suuatra are flanked on the side of the Indian Ocean by great 
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volcanic ridges, and by uplifts of Tertiary strata, which continue along the line of 
the Nicobar and Andaman Islands into Burma. Thus the coast-lines of that section 
of the Indian Ocean exhibit a geographical development similar to that of the Pacific 
sea-board. Elsewhere, as in Hindustan, Arabia, and East Africa, the coast-lines 
appear to have been determined chiefly by regional elevations of the land or sub- 
sidence of the oceanic trough in Mesozoic and Cainozoic times, accompanied by the 
outwelling of enormous floods of lava, Seeing, then, that the Pacific and the 
Indian Oceans are pre-eminently regions which, down to a recent date, have been 
subject to great crustal movements and to excessive volcanic action, we may infer 
that in the development of their coast-lines the sea has played a very subordinate 
part. The shores, indeed, are largely protected from marine erosion by partially 
emerged volcanic ridges and by coral islands and reefs, and to a considerable 
extent also by the sediment which in tropical regions especially is swept down to 
the coast in gteat abundance by rains and rivers. Moreoyer, as the geological 
structure of these regions assures us, the land would appear seldom to have 
remained sufficiently long at one level to permit of much destruction by waves 
and tidal currents. 

In fine, then, we arrive at the general conclusion that the coast-lines of the 
globe are of very unequal age. ‘Those of the Atlantic were determined as far back 
as Paleozoic times by great mountain uplifts along the margin of the continental 
plateau. Since the close of that period many crustal oscillations have taken 
place, but no grand mountain-ranges have again been ridged up on the Atlantic 
sea-board. Meanwhile the Paleozoic mountain-chains, as we have seen, have 
suffered extensive denudation, have been planed down to the sea-level, and even 
submerged. Subsequently converted into land, wholly or partially as the case may 
have been, they now present the appearance of plains and plateaus of erosion, often 
deeply indented by the sea. No true mountains of elevation are met with any- 
where in the coast-lands of the Atlantic, while volcanic action has well-nigh ceased. 
In short, the Atlantic margins have reached a stage of comparative stability. The 
trough itself, however, is traversed by at least two well-marked banks of upheaval 
—the great meridional Dolphin Ridge, and the approximately transmeridional 
Feerde-Icelandic belt—both of them bearing voleanic islands. 

But while the coast-lands of the Atlantic proper attained relative stability at 
an early period, those of the Mediterranean and Caribbean depressions have up to 
recent times been the scenes of great crustal disturbance. Gigantic mountain- 
chains were uplifted along their margins at so late a period as the Tertiary, and 
their shores still witness voleanic activity. 

It is upon the margins and within the trough of the Pacific Ocean, however, 
that subterranean action is now most remarkably developed. The coast-lines of 
that great basin are everywhere formed of grand uplifts and volcanic ranges, which, 
broadly speaking, are comparable in age to those of the Mediterranean and Carib- 
bean depressions. Along the north-east margin of the Indian Ocean the coast-lines 
resemble those of the Pacific, being of like recent age, and similarly marked by the 
presence of numerous volcanoes. The northern and western shores, however (as 
in Hindustan, Arabia, and East Africa), have been determined rather by regional 
elevation or by subsidence of the ocean-floor than by axial uplifts, the chief 
crustal disturbances dating back to an earlier period than those of the East Indian 
Archipelago. It is in keeping with this greater age of the western and northern 
coast-lands of the Indian Ocean that volcanic action is now less strongly manifested 
in their vicinity. 

I have spoken of the comparative stability of the earth’s crust within the 
Atlantic area as being evidenced by the greater age of its coastal ranges and the 
declining importance of its voleanic phenomena. ‘This relative stability is further 
shown by the fact that the Atlantic sea-board is not much disturbed by earth- 
quakes. This, of course, is what might have been expected, for earthquakes are 
most characteristic of volcanic regions and of those areas in which mountain-uplifts 
of recent geological age occur. Hence the coast-lands of the Pacific and the East 
Indies, the borders of the Caribbean Sea, the volcanic ridges of the Atlantic basin, 
the lands of the Mediterranean, the Black Sea, and the Aralo-Caspian depressions, 
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the shores of the Red Sea, and vast tracts of Southern Asia, are the chief earth- 
quake regions of the globe. It may be noted, further, that shocks are not only 
most frequent but most intense in the neighbourhood of the sea. They appear to 
originate sometimes in the volcanic ridges and coastal ranges, sometimes under the 
floor of the sea itself. Now earthquakes, volcanoes, and uplifts are all expressions 
of the one great fundamental fact that the earth is a cooling and contracting body, 
and they indicate the lines of weakness along which the enormous pressures and 
strains induced by the subsidence of the crust upon its nucleus find relief. We 
cannot tell why the coast-lands of the Atlantic should have attained at so early a 
period a stage of relative stability—why no axial uplifts should have been deve- 
loped along their margins since Palzozoic times. It may be thet relief has been 
found in the wrinkling-up of the floor of the oceanic trough, and consequent forma- 
tion of the Dolphin Ridge and other great submarine foldings of the crust; and it 
is possible that the growth of similar great ridges and wrinkles upon the bed of 
the Pacific may in like manner relieve the coast-lands of that vast ocean, and pre- 
vent the formation of younger uplifts along their borders. 

Ihave already remarked that two kinds of elevatory movements of the crust 
are recognised by geologists—namely, axial and regional uplifts. Some, however, 
are beginning to doubt, with Professor Suess, whether any vast regional uplifts are 
possible. Yet the view that would attribute all such apparent elevations of the land 
to subsidence of the crust under the great oceanic troughs is not without its diffi- 
culties. Former sea-margins of very recent geological age occur in all latitudes, and 
if we are to explain these by sub-oceanic depression, this will compel us to admit, as 
Suess has remarked, a general lowering cf the sea-level of upwards of 1,000 feet. 
But it is difficult to believe that the sea-floor could have subsided to such an extent 
in recent times. Suess thinks it ismuch more probablethat the high-level beaches of 
tropical regions are not contemporaneous with those of higher latitudes, and that 
the phenomena are best explained by his hypothesis of a secular movement of the 
ocean—the water being, as he contends, alternately heaped up at the equator and 
the poles. The strand-lines in high latitudes, however, are certainly connected 
with glaciation in some way not yet understood ; and if it cannot be confidently 
affirmed that they indicate regional movements of the land, the evidence, neverthe- 
less, seems to point in that direction. 

In concluding this imperfect outline-sketch of a large subject, I ought perhaps 
to apologise for having trespassed so much upon the domains of geology. But in 
doing so I have only followed the example of geologists themselves, whose divaga- 
tions in territories adjoining their own are naturally not infrequent. From much 
that I have said, it will. be gathered that with regard to the causes of many 
coastal changes we are still groping in the dark. It seems not unlikely, however, 
that as light increases we may be compelled to modify the view that all oscillations 
of the sea-level are due to movements of the lithosphere alone. That is a very 
heretical suggestion ; but that a great deal can be said for it anyone will admit 
after a candid perusal of Suess’s monumental work, ‘Das Antlitz der Erde.’ 


The following Papers were read :— 


1. First Ascent of the Oraefa Jokull, Iceland. By ¥.W. W. Howsxtt. 
[Will be published in the ‘ Proceedings of the R.G.S.’] 


2. Place-names. By Dr. J. BurcEss. 


Dr. Burgess, like most Oriental scholars, took exception to the phonetic principle 
in rendering the place-names of countries which have a native literature. It was 
more scholarly and more satisfactory, he maintained, to adopt a definite translitera- 
tion of each teak alphabet, based, of course, on the best authorised form of the 
name in each instance. Dealing more particularly with the question of Scottish 
place-names, he referred at some length to the errors in Gaelic spelling found on 
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some sheets of the Ordnance Survey maps: Fhe unsatisfactory rendering of these 
names induced Sir Charles Wilson some time ago to suggest the revision of the 
nomenclature of the Highland sheets by a Committee of the Royal Scottish Geo- 
‘graphical Society, and of this committee Dr. Burgess has acted as convener, 

A committee of the Association was subsequently appointed to report on 
Scottish place-names, with a small grant. } 


3. Rainfall in Formosa and some of the Effects on the Island and Mainland 
of China. By J. THomson. 


The following notes on the rainfall of Formosa are the result partly of personal 
observation while exploring the south of the island, and partly of meteorological 
and such other statistics as I have been able to consult. 

. The island affords a striking example of the work of rain within a contracted 
area in altering the surface of the land, building up plains seawards, and ultimately 
fitting them for tillage and the support of an increasing population. 

It will be necessary to note the geographical position and configuration of the 
island, ocean currents, temperature, and’ prevailing winds, in order to make the 
‘subject intelligible. 

Formosa lies between 21° and 25° north latitude, while the 121st degree of east 
longitude divides it into nearly equal parts from north'to south. It is over 200 miles 
long, and its width varies from fifty to eighty miles. It is traversed by a spine of 
lofty mountains throughout its whole length from north to south, having a maximum 
altitude of 12,000 feet. 

It will be seen that after the rains the drainage of this chain is necessarily 
carried over a very small area, and that the changes caused by erosion and the 
deposit of detritus must be well defined. The Pacific Gulf Stream, known to the 
Japanese as ‘ Korosiwo,’ flows north on the eastern side, raising the mean tem- 
perature of Formosa to about ten degrees higher than that of the mainland. The 
prevailing winds throughout the year are the north-east and south-west monsoons. 
The former begins to blow about the end of October and continues on to April. 

In its passage across the ocean from the north it is charged with moisture 
taken up from the warm Gulf Stream, and coming in contact with the lofty moun- 
tain barrier of Formosa, it is forced up to a great altitude, where its burden of 
vapour is liberated-by the lighter and colder air, Thisis discharged over the forest- 
‘clad heights in copious rain. 

On the eastern side the rain descends through chasms and gorges in torrential 
streams, and cataracts carry it back to the ocean. The eastern side presents a 
rocky front to the sea. The denudation of the mountains by erosion and its effects 
can hardly be traced on this side of the island, as the detritus is deposited in the 
deep sea adjoining the cliffs. On the west of the central chain, where the gradient 
is more gentle, we find an extensive plain, part of which has been built up within 
_the historic era by the detritus washed down from the mountains, and the major 
part in a similar manner during the Carboniferous period, as may be gathered from 
extensive coral islands (and other geological formations) which now form part of the 
low-lying land redeemed from the bed of the ocean. 

__. But we need go no further back for evidence of the rapid upbudding of the 
western plain than the date of the Dutch occupation in 1634. 

Two forts were erected—one, Providentia, at the mouth of the Formosa River 
(Taiwanfu), the other on the island of Taiwan. The former may now be traced 
within the walls of Taiwanfu, more than five miles inland over the plain, while 
Taiwan with its fort has been long united to the mainland. 

Evidence of how this change has been accomplished exists in the table-lands 
and spurs of the central range, about fifteen miles inland from Taiwanfu, in the 
manner in which these lower ‘no man’s lands,’ so named by the Chinese, are cut 
up and demolished by the drainage of the lofty chain, chasms cut out by 
torrents during the rainy season, vast funnel-shaped pits where the land has fallen in 
undermined by water, broad river beds cut deep into the table-lands, their banks 
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strewn with rounded and polished boulders of gigantic proportions that have been 
driven from inaccessible heights and rounded on their downward course to the 
plain. The greater part of the plain is ‘an alluvium,’ a rich loam derived partly 
from the shales of the central mountains, partly from the sandstones south, and 
partly from the limestone hills which reach here and there above the level of the 
lowland. These are the great and small Kangshan, the white bank, Apeshill, 
Saracenshead, Fingshan ; also still more elevated hills inland approaching Baksa 
Valley ; by water, Lambay island near Tangkang. We see thus within the narrow 
compass of the island of Formosa rainfall and its results, year by year adding 
to the habitable plain, and creating extensive shoals between the island and 
mainland. 

Another phase of rain-work in Formosa is the effect which the central moun- 
tain range has in withdrawing the moisture from the atmosphere as it sweeps over 
the island during the north-east monsoon, and conferring on the mainland of 
Fakim Kwangtung, a province of China, one of the finest winter climates in the 
world. 


4. On the Windings of Rivers. By J. Y. Bucwanay, F.R.S. 


This paper summarised the hydrokinetical principles which regulate the form 
and size of the curves traced out by rivers in their windings, forms which are 
largely independent of the character of the ground. 


5. Travels in Lesser Thibet.} By Mrs. BisHop. 


FRIDAY, AUGUST 5. 
The following Papers were read :— 


1. On Meteorological Observations in the Atlantic Ocean. 
By the Prince or Monace. 


The western shores of Europe, especially those of Great Britain and Ireland, 
are exposed to continual devastations by storms which come from the westward, 
The only source from which we can obtain warning is the continent of North 
America, and the warnings thence received are of the greatest value. But the 
width of the North Atlantic is so great that American storms lose themselves, and 
others are generated of which Europeans can at present receiye no warning. ‘The 
North Atlantic is fairly rich in islands, and in nearly every group there is at least 
one island of remarkable altitude, where the meteorological conditions are likely 
to be quite distinct from those obtaining at the sea-level. The results already 
achieved at the high-level observatory on Ben Nevis justify the confident expec- 
tations that equally and perhaps more valuable results would be obtained by the 
establishment of a pair of high- and low-level observatories in one of the Atlantic 
groups of islands, preferably the Azores. These groups of islands either are 
already, or will be shortly, connected by cable with Europe, and the author 
strongly advocates that we should now establish meteorological observing stations 
at carefully selected sea-level places having cable connection with Europe, and 
at least one high-level observatory at the top of one of the remarkable peaks 
suggested. Further, as it might be advantageous to have these observations col- 
lected at an observatory where much attention is given to oceanographical work, 
he offers to undertake at Monaco the collection and discussion of the observations 
received daily, and the distribution of the results. 


? Published in the Scottish Geographical Magazine. 
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2. The Density, Temperature, and Motion of the Waters of the Gulf of 
Guinea. By J. Y. Bucwanan, F.R.S. 


3. Physical Geography of the Firth of Forth. 
By Hucu Roserr Mitt, D.Sc., F.R.S.E. 


The configuration of the Firths of Forth and Tay and of the neighbouring parts 
of the North Sea was briefly described, references being given to previous papers 
bearing on the physical conditions of the water.! Since the publication of these 
papers the results of the observations at fixed stations by the Fishery Board for 
Scotland furnish data for a more complete discussion. The new information 
mainly concerns the rate of increase of transparency in the water from the river 
seaward and the effects of tidal action on temperature and salinity. The configura- 
tion of the coast and the set of the tides, together with the relative strength of 
current at springs and neaps, and the hour at which these extreme tides occur, 
explain many apparent anomalies in seasonal change of temperature. In summer 
estuary water is warmer, in winter colder, than that of the sea; so that, disregard- 
ing solar influence, the temperature of the water at a station near the mouth of an 
estuary is either at a maximum or a minimum at high-water and low-water, the 
maximum occurring with low-water in summer, with high-water in winter. 
Apart from this, there is a diurnal range of temperature due to solar heating and 
cooling by radiation, which in the absence of tides would produce a maximum in 
the afternoon and a minimum in the early morning. Spring tides recur fortnightly 
at the same hour, and evince the special tidal characteristics in an extreme degree. 
It so happens that on the east coast of Scotland low-water springs occur in the 
morning and high-water in the afternoon, and the observations at 9.0h. and 15.0h. 
accordingly show the resultants of this effect at the maximum. In summer, when 
low water occurs in the afternoon, the afternoon temperature at the Abertay 
lightship is over 1° C. higher than in the morning, and when high-water occurs in 
the afternoon the temperature is nearly 1° C. lower than in the morning, no matter 
how strong the solar heating may be. 


{These papers have been published in the ‘ Proceedings of the R.G.S.,’ Sept. 1892, 
p. 622.] 


4. On the Need for Teaching in Meteorology. 
By H.N. Dickson, F.R.S.H., F.R.Met. Soc. 


The selection of subjects for elementary scientific instruction raises several 
questions concerning the relations of the ditferent branches of physical science to 
each other. Apart from special applications to arts and manufactures, a want is 
felt of a subject which shall at the same time afford opportunities of illustrating 
scientific methods and give examples of practical value in accounting for many 
natural phenomena of common observation. The ordinary phenomena of meteoro- 
logy, as embodied in the weather folk-lore current everywhere, are already 
familiar to sailors, fishermen, and farmers, the classes it is most important to 
reach, and by properly classifying and arranging the facts already known to them 
several laws may be made to suggest themselves. In this way the meteorological 
elements, which in this restricted sense underlie a great part of biology, geology, 
and geography, form an introduction to the fundamental notions of these sciences, 
as well as to those of physics involved in their discussion. 

There is as yet no instruction in meteorology available anywhere in this 
country, but in view of the rapid development of technical education it is urgent 
that this should be remedied. 

The best method of properly introducing the subject seems to be that the facts 
of the case should be set before the Technical Education Committees of the County 


1 See ‘River Entrances,’ in Supp. Papers, Roy. Geog. Soc.; and Report of the 
Fishery Board for Scotland, 1891, pp. 353-387. : 


814 REPORT—1892, 


Councils, backed by the approval of the various bodies whose function it is: to 
regulate and extend scientific instruction. -In this-;way'a demand for teaching in 
meteorology would be created, and the supply should come from some of the main 
fixed centres of technical education, which should not only supply systematic 
instruction, but should be in a position to deal with questions referring to the 
relations of meteorology to agriculture, fisheries, &c., and to. discuss the data 
collected by the teachers sent out bearing on local observations and prognostics., 


5. The Desert of Atacama. By Mrs. Lite Grove. 


The desert. of Atacama spreads over two Chilian provinces, Atacama and Anto- 
fagasta. It lies between the Pacific and the Andes, and between the rivers Loa and 
Copiapo to the north and south, It rises gradually to the Cordillera real, forming 


a kind of amphitheatre, in the midst of which are arid plains and vast salt lakes. 
One of the latter, Lake Askotan, is quite dried up, and its bed of salt is dotted | 


with a few islands and tepid water puddles called ‘ water-eyes.’ It is surrounded 
by high mountains, many of which are voleanic, Above this amphitheatre is the 
tableland of the Andes, 13,000 feet high, called Puna, which word is the origin 
of the name given to mountain-sickness, 

Turning to the industrial history of the desert, we find that it was a terror to 
all except the conquering Spaniards until the end of the last century; and while 
the silver mines of Potosi were being successfully worked the treasures of this 
region lay unexplored. In 1882 Juan Yodoi, a shepherd, found the silver mine of 
Chanarcillo, and then a legion of courageous and hardy cateadores (mine-seekers) 


laid siege, as it were, to the mountains. The discoveries of silver and copper. 


mines, of beds of guano, of nitrates, and borate of lime followed one another in 
quick succession, and laid the foundation of great commercial prosperity. The 
Government gave its countenance and help to the work, sending out scientific 
commissioners and giving security to capitalists. 

The great work which requires special notice is the railway from Antofagasta 
to Uyuni, which is a marvel of engineering skill. It scales a plateau 18,000 feet 
high and winds through a desert plain. The whole journey lasts three days, and 
is not entirely a pleasant experience, as the sun, falling on the white soil, makes 
a blinding glare, and the heat and thirst are almost unbearable. On the way that 
strange phenomenon of the desert, the mirage, was seen by the traveller. The 
plain, which stretches out to the horizon, was dotted over with the graves of the 
victims of the desert. It is interesting to notice that the soil and the air are such 
that bodies do not decay in the ground, and the inhabitants are in the habit of 
removing the corpses of their friends from place to place. At night the cold is 
intense, the changes of temperature being a great hardship. As the line rises the 
prospect becomes more varied : the road winds round the Limon Verde, and_helow 
is the basin of Atacama in the midst of the desert, while all around are the mighty 
voleanoes, Licancour, San Pedro, and others. Then the line descends into the 
valley of the Loa, Halt for the night is made at Calama, ‘The Queen of the 
Desert,’ where the hotel is comfortable on the whole. The journey is continued 
on the next day past Askotan, on the edge of the lake, and Cebollar, where there 
are mines of ice. From Calama another hardship is added to the heat, namely, 
mountain-sickness, which affects nearly everyone. It is caused partly by the 
pressure of the atmosphere, partly by the dryness of the air, which cuts the face 
mercilessly. Ollague is the stopping-place for the second night, and the next 
evening the arduous journey is completed, and the terminus Uyuni is reached. 
Here the Bolivian Government intends to build a town, which will be the centre 
of silver mining in South America. 


6. Photography as a Means of Surveying. By Colonel H. C. O. Tanner. 
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7. Some Notes on a New Method for the Determination of Geographical 
Longitudes by Lunar Distances. By Dr. H. ScuticutEr. 


Lunar distances as a means for the strictly accurate determination of geo- 
graphical longitudes have been little used of late, partly on account of the 
splendid chronometers with which ships are now provided, and partly owing to 
the inaccuracies of the instruments-‘commonly employed for lunars. For exploring 
expeditions on land, however, chronometers are of little value, and the other 
astronomical phenomena which may be used besides lunar distances are either too 
difficult of accurate observation by the majority of travellers, or occur too seldom, 
or are not accurate enough. 

The author therefore introduces a new method of observation and measurement 
of lunar distances, viz., by obtaining ‘a parallel series of photographs of the moon 
and a fixed star or planet on one plate, and afterwards measuring the distances on 
the plate. For the elimination of all possible inaccuracies of the photographie 
film or of the lens, the lunar distances thus registered are checked by repeatedly 
photographing on the same plate two fixed stars, the positions of which are given 
in the ‘ Nautical Almanac,’ and the angular distance of which can easily be com- 
puted therefrom. The angular distances of the photographic lunars are then found 
by a simple proportion. The time for taking a set of eight photographic lunars on 
one plate does not exceed three to four minutes, and micrometric measurements 
show with perfect accuracy the change of the lunar distances (owing to the move- 
ment of the moon) during each interval of the eight observations. The minute 
accuracy of the method is hereby established. . The micrometric measurements on 
the plate are made by means of the same ‘7éseaw’ which is employed by the: 
i lye observatories for stellar photography, and the measurements may there- 

ore be regarded as absolutely correct. Results thus obtained give the correct 
longitude of the place of observation. 

The author proposes to use this method for scientific expeditions into the 
interior of continents, &c., as well as for the further determination and correction 
of secondary meridians in navigation. For both purposes it is especially adapted 
on account of its minute accuracy and great simplicity. 


[The paper will be published in the ‘ Proceedings of the R.G.S.”] 


SATURDAY, AUGUST 6. 
The Section did not meet. 


MONDAY, AUGUST 8. 


The following Papers and Reports were read :— 
1. Notes on a Portion of the Kalahari. By E. W1LK1nson. 


_ These notes, which are accompanied by a map, deal with that portion of the 
Kalahari lying north of a line between Kuis and Honing Vley. The author is 
inclined to doubt the accuracy of the position of Kuis as given in previous maps, 
and the location, if not the existence, of the fork of the Molopo River which is re- 
presented in them. The soil of the district appears to be a heavy loose sand, 
which supports, nevertheless, an abundance of coarse grass, and is densely studded, 
rather than covered, with low timber and bush, In the few places where water 
is obtainable, the cattle look well, but the scarcity of water is the curse of the 
district, and the natives say that it will pass the wit even of white men to find it 
there. A great portion of the notes is taken up with this question of water 
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supply, and they contain valuable extracts from a report by Mr. Penning, F.G.S., 
on that subject. If, as Mr, Penning believes, water in sufficient quantities could be 
obtained by boring, the author thinks that the country might have a future in the 
hands of a powerful company which could afford to open up waters and use the 
district as a vast cattle range, but he evidently does not think it can ever be a 
country for farms of an ordinary size, or for agriculture in any way. 


2. The Geography of the Zimbabwe Ruins in Mashonaland. 
By J. THEopore Benv. 


The author began with a few remarks on the nature of the ruins, their position 
and extent, the vast gold industry anciently carried on in their vicinity, and the 
probable line of approach to them. Je then dealt with the early authorities on 
the geography of the east coast of Africa: the Periplus, Ptolemy, Eratosthenes, 
and the vague remarks of Herodotus. The position of Rhapta, Prasum, and 
other points on this coast was discussed. The expedition to the land of Punt in 
the reign of Queen Hatusou, and the treasures brought back thence, and the 
mythical expeditions related by Greeks of voyages in search of gold were then 
dealt with, as also the Biblical and classical evidence concerning the voyages of the 
Pheenicians and Arabians in search of gold, and the wealth of Southern Arabia in 
the precious metal. The author then dealt with early Arabian evidence as to the 
condition of Mashonaland in the centuries immediately after the introduction of 
Mohammedanism, Arab travellers a.p, 851, and the evidence given us on this 
subject by El Masoudi, Zaneddin, and others. The value of the Portuguese 
evidence on this subject was thoroughly discussed from travellers and writers of 
the fifteenth and sixteenth centuries. The author concluded by referring to the re- 
discovery of the ruins by Karl Mauch, and the evidence of the finds in the recent 
excavations, 


3. Report of the Mashonaland Committee.—See Reports, p. 538. 


4, The Orientation and Architectural Features of the Ruined Temples of 
Mashonaland. By Rosert M. W. Swan. 


The temples in Mashonaland seem all to have been oriented to either the rising 
or the setting sun at one of the solstices, and in all the less ruinous temples very 
obvious evidence remains of such orientation in the decoration on the exterior of 
the walls of these temples. This decoration on the great temple consists of a 
double band of a chevron pattern, and it extends along the part of wall which is 
directly opposed to the rays of the rising sun at the midsummer solstice. 

Means were provided for marking the time of the occurrence of the solstice, 
and in the interior of the great temple there is a high monolith which would 
receive the shadow of another monolith placed on the wall at the middle of the 
decoration when the sun rose at the midsummer solstice. 

The great temple at the first glance seems to be roughly elliptical in form, but 
when carefully measured its walls are found to be built on a number of circular 
curves of different radii, and the principle governing the length of these radii is 
interesting. The great tower has a diameter at its base of 17:17 feet (=10 cubits 
of 20°62 inches), and this length multiplied by the ratio of circumference to 
diameter (3°14) or by the square of this ratio gives either the radius or the 
diameter, or half or double of these, of the curves of all the walls of the best 
period which we have measured in Mashonaland. 

Altars were sometimes erected at the centres of these curves, and means were 
provided for observing from these altars the culminations of stars of the northern 
hemisphere. 


5. The Industrial Geography of Nyassaland. By J. Y. Bucnanay, F.B.S. 


—_— 
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6. Across the Veldt to Lobengula’s Capital. 
By Lieut. H. Cricnton Browne. 


7. On Opening Relations with the Hausa Race of West Soudan. 
By A. Hersert HAucen. 


I. In the Western Soudan there are many tribes, but two chief—Hausa and 
Fellani. Fellani or Fulbe: theseare warlike, fanatical, pastoral. The Hausa are 
brave, but not so fond of war; not fanatical, but commercial. Where the two 
come in contact Hausa language predominates. 

Il. The author gave a sketch outline of Hausa land, its population, physical 
geography, meteorology and climate, political economy, nature of people and 
social economy, slavery, education, towns, religion, 

III. The author then spoke of the work to be done and of the necessity of 
learning the Hausa language. He pointed out (1) the commercial importance ; (2) 
previous work and its shortcomings in this direction ; (3) comparative philology ; 
(4) dialects; (5) writing in Arabic characters. He then went on to refer to 
ethnology, customs, history, folk-lore, music, climatology, geolory, &c. Mr. 
Hallen then described his proposed method of work under the heads :—(a) Pre- 
liminary knowledge of Arabic ; (4) preliminary residence in Tripoli; (c) residence 
in Hausa—where ? and methods of drawing the people: (1) personal influence 
and discussion; (2) medical; (3) non-interference in local politics ; (4) educational, 
(i.) juvenile, (ii.) adult ; (5) diffusion of useful books, specially simple illustrated 
agricultural books, in their own language. 


8. Report of the Committee on the Olimatological and Hydrographical 
Conditions of Tropical Africa.—See Reports, p. 367. 


TUESDAY, AUGUST 9. 
The following Papers were read :— 


1. On Professor Albrecht Penck’s Proposed Map of the World on a Scale of 
1:1,000,000. By EH. G. Ravenstein. 


At the recent Geographical Congress of Bern Dr. Penck proposed the publica- 
tion of a map of the entire world on a uniform scale of 1: 1,000,000. This pro- 
position was favourably entertained, and a committee was appointed to take steps 
for its realisation. That the scale chosen is the most suitable for the purpose 


_ will hardly be doubted by anyone practically acquainted with the mapping of 
_ the world. To construct such a map on a projection embracing considerable 


4 
: 


portions of the earth’s surface, if not entire continents, would necessarily have led 
to an amount of distortion quite inadmissible in a map on such a scale, Dr. Penck, 
therefore, does wisely to accept the method of drawing each sheet on an inde- 
pendent projection, which was first adopted in India, and has subsequently been 
introduced into Germany, Austria, the United States, and other countries. By 
this method the separate sheets are nearly equivalent and orthomorphic; the error 
for a 5-degree sheet under low latitudes, never exceeding 4 1-1050ths. This is 
less than the error due to the expansion of the paper in the printing-press. Each 
sheet, up to 60° N., would embrace five degrees in each direction; the more 
northern sheets would embrace ten degrees of longitude each. The representation 
of the whole earth, including the sea, would require 936 of these sheets, whilst the 
land alone could be shown on 769 sheets. 

Physical and political features are to be adequately considered. Tivers are to 
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be in blue, hills in brown, Contours are to be drawn at 100, 300, 500, and 1,200 
metres, and the areas enclosed by them, which Dr. Penck assumes to be equivalent, 
are to be tinted. Those sheets which deal with countries already surveyed would 
be engraved in copper; the remaining sheets might be lithographed. 

The Greenwich meridian is proposed for acceptance, but all altitudes are to be 
in metres. The official spelling of all countries using the Latin alphabet is to 
be retained, even in their ‘spheres of influence.’ Other alphabets are to be 
transliterated in accordance with a system to be agreed upon, whilst names in 
unwritten languages would be spelt phonetically. 

Dr. Penck estimates the cost of an edition of 1,000 copies of this map (land 
surface only) at 191,458/., and as the sale of this edition at 2s. a sheet would pro- 
duce only 88,000/., the deficit of 103,438/. would have to be made up by the 
Governments concerned or by liberal private patrons. 

There is nothing Utopian about the scheme, as far as I can see. Difficulties 
may arise as to the spelling of the names or the introduction of the metre, but the 
essential thing, to my mind, is the production of a map—a map on an uniform 
scale. Ifit is borne in mind that twenty-five 5-degree sheets of such a map of 
Africa were, some years ago, published by me, with the help of the Royal Geo- 
graphical Society, and that twenty-one sheets of the same map are now in course 
of preparation, and that all this was done by me unaided, it must be admitted that 
better and speedier results might be brought about by an organised co-operation. 


2. A Recent Journey in Yemen. By Water B. Harris. 


Mr. Walter B. Harris’ paper on Yemen deals with a journey undertaken by 
him in the early months of this year, and during the rebellion of the Arabs against 
the Turks. Mr. Harris started from Aden early in January without guards, and 
accompanied only by one of his trusted Morocco servants and a guide, all three 
mounted on camels. Passing through Lahej, Mr. Harris continued his journey 
over the desert until, after issuing from the mountain gorges of Khoreiba, he 
reached Kataba, the Turkish frontier town, and by means of a disguise succeeded 
in obtaining a permit to pass into Turkish territory. From Kataba to Yerim the 
journey was a very dangerous one, and the travelling was nearly all accomplished 
by night, the day being spent in hiding in the jungle. From Yerim the journey 
was continued to Dhamar, and thus to Sanaa, the capital; Mr. Harris having taken 
nineteen days in accomplishing the distance, nearly three hundred miles. 

On his arrival at Sanaa he was seized by the Turkish authorities and thrown 
into prison, where, owing to the unhealthy state of the place and the bad water 
supplied to him, he was taken ill with fever. On the fifth day of his imprison- 
ment he was sent away to Hodaidah on the Red Sea coast under an escort of 
Turkish soldiers, the journey occupying about five days, the distance being some- 
thing under two hundred miles. Mr. Harris passed through much wonderfully 
beautiful scenery, and has brought back an account of Arabia Felix which entirely 
belies one’s ideas of that country. By most people Arabia is considered to be a 
desert, but Mr. Harris has found that Yemen at least is a country of magnificent 
fertility, the great plateau, lying at an elevation of from seven to nine thousand 
feet above the sea level, being in a state of excellent cultivation. Water is by no 
means scarce ; in fact in many places there are rivers of no inconsiderable size. 
Although the journey has been made once or twice before, Mr. Harris is probably 
the first European who has reached Sanaa from Aden. After much hard travelling, 
several narrow escapes, four days’ imprisonment in a Turkish gaol, and a violent 
attack of fever, Mr. Harris reached Aden towards the end of February with a 
considerable number of photographs and a large collection of notes and sketches 
pertaining to a country of which but very little is known. An account of the 
rebellion was written by him to the ‘Times,’ and published on April 23, At any 
time the journey would not be an easy one, and, considering that the country was 
in a state of revolt, Mr. Harris had to overcome very many difficulties before 
reaching Sanaa, 
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3. A Recent Visit to the Chatham Islands, and some Points in Connection 
with Geographical Distribution. By H. O. Forses, F.Z.S. 
[ Will be published in the ‘ Proceedings of the R.G.S.’] 


4. On some Recent Explorations in British New Guinea. 
By Courts Trorrer. 


The writer described the bearing of some recent journeys on the physical 
geography of New Guinea, but dwelt with especial emphasis on the marvellous 
development among the natives, within the last two or three years, of confidence 
and friendship, and of a comprehension of the principles of law and order—due to 
the enlightened administration of the Governor, Sir William Macgregor. 


5. The Eastern Lacs States of Siam in the Mékong Valley.} 
By W. R. D. Becxert, of H.M.’s Consular Service in Siam. 


This paper is briefly descriptive of a journey taken by Mr. W. R. D. Beckett, 
under instructions from H.B.M.’s Minister at Bangkok, through the Eastern Laos 
States of Siam, and extending over a period dating from November 25, 1891, to 
April 4, 1892. Mr. Beckett’s first objective point was the town of Korat, the 
capital and the most important centre of those States, distant by the shortest route 
165 miles north-east from Bangkok, and between which and Bangkok a line of 
railway has already been commenced by the Siamese Government. Mr. Beckett, 
however, did not take the usual and shortest route, owing to the fear of want of 
transport ; but crossing to Patriew and Kabin, country districts some 100 miles 
east of Bangkok, followed the main road leading south-eastwards to Sisophone, 
near the inland sea of Cambodia, thence by bullock-cart track almost due north 
across the hill-range, 800 to 1,100 feet high, which encircles the, Eastern Laos 
plateau, and onwards in a north-westerly direction to Korat. The river Moon, or 
Pramoon, or Peemoon, as it is variously called, which runs from west to east across 
the Eastern Laos States into the Mékong River, was forded about ten miles south- 
east of Korat. After a stay of ten days Mr. Beckett left Korat on January 3, 
1892, and journeyed by bullock-cart, across the thinly populated and occasionally 
undulating plateau stretching between that town and the river Mékong, almost 
due north to the important town of Nongkhai on the latter river, lying slightly 
south of the 18° of north latitude. Ten days were spent at Nongkhai, during 
which a visit was paid to the interesting ruins of Wiengchan, the ancient capital 
of a once most extensive kingdom which embraced the whole of the EHastern Laos 
States in the Valley of the Mékong. From Nongkhai Mr. Beckett descended the 
river Mékong to Kemmarat. a village on the right bank, and striking across by 
land to Oobone, a town on the Moon River equal almost in importance to Korat, 
took boat down that stream as far as the rocky barrage at its mouth, and there, 
changing boats, redescended the Mékong. Stoppages were made at Bassac, once 
the capital of a large State, at the cataracts of Lih Pih below the island of Khong, 
and at Chiengteng, an important Siamese town a few miles north of the Cambodian 
frontier. After passing many dangerous rapids Mr. Beckett entered Cambodian 
territory, and taking the steamer of the Messageries Fluviales Co. at Kratieh, 
the highest point of the river navigable by steamers in the dry season, arrived at 
Pnompenh, the capital of Cambodia, on March 23. Changing steamers here, 
Mr. Beckett descended the Mékong to the sea, and reached the French port of 
Saigon on the next day, returning thence to Bangkok by way of Singapore. 
Mr. Beckett arrived at Bangkok on April 4, after an absence of 132 days. 


1 Published in the Proceedings of the R. GS. 
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6. Cadamosto: ‘The Marco Polo of West Africa. By H. Youre OupHam. 


Alrise da Ca da Mosto, born at Venice in 1432, entered, like Columbus and 
other Italians, the service of Portugal, and at the instigation of Prince Henry the 
navigator made two voyages along the west coast of Africa in the years 1455 and 
1456. In the second of these the Cape Verde Islands were discovered for the first 
time. The journals of these voyages form one of the earliest personal narratives 
of an explorer, and are of particular value as a connecting link between the periods 
of Prince Henry and Columbus, the two great figures in the history of geographical 
discovery in the fifteenth century. 

As the trustworthiness of Cadamosto has been seriously impugned, the object 
of the paper is not merely to draw attention to the merits, but to vindicate the 
character, of this important traveller. 


7. North Korea. By C. W. Campsett. 


The subject of this paper is a journey which was undertaken by Mr. C. W. 
Campbell, a member of Her Majesty’s Consular Service in China, through the 
northern half of Korea to the Manchurian frontier in the autumn of 1889. 

Starting from Soul, the capital of Korea, on August 31, Mr. Campbell crossed 
the peninsula by a north-easterly route to W6n-san, the treaty port on the east 
coast. The interesting portion of this traverse was the Keum Kang San, or 
Diamond Mountains, which had not previously been visited by a European. They 
are a notably irregular section of the principal Korean range which descends from 
the Ch‘ang-pai Shan (Ever-White Mountains) of Manchuria, are the head-quar- 
ters of Korean Buddhism, and possess some striking scenery which attracts 
numbers of native tourists every year in spring and autumn. 

From W6n-san the route followed the coast to Ham-heung and Puk-ch‘éng, 
where it broke inland to Kap-san and the Yalu River. At Po-ch‘6n, a village on 
a branch of the Yalu, Mr, Campbell procured guides and bearers, and continuing 
northward through an uninhabited forest, made an attempt to ascend the extinct 
voleano of Peik-tu San (White-Head Mountain), better known as the ‘Long 
White Mountain, which is an erroneous translation of the Chinese Ch‘ang-paz 
Shan, or Ever-White Mountain. It was first authentically visited in 1886 by 
Mr. James and his party, who approached it from the Manchurian side. Besides 
being the centre of much legend and fable in both Manchu and Korean history, 
the White Mountain is remarkable physically by reason of an Alpine lake which 
has formed in the extinct crater at 7,000 or 8,000 feet above sea-level. Mr. 
Campbell just failed to reach this lake in consequence of heavy falls of snow and 
the illness of his principal guide. The return journey to Séul was varied by re- 
crossing the peninsula to P‘éng-yang. Altogether the ground covered was 1,300 
miles, a good deal of which was unknown to geography. 

Korea is a hilly country, with poor roads, and worse government. The soil 
is prolific, but the system of agriculture pursued is lazy and primitive. There are 
many indications of mineral wealth, alluvial gold being particularly widespread ; 
however, the Government is extremely averse to the exploitation of mines by 
foreigners, and little or nothing has been done under native auspices. The Korean 
race is physically superior to the Japanese, and not inferior to the Chinese. The 
national disposition is bright, good-humoured, and sans fagon, but improvidence 
and laziness are prominent negative qualities. Fortunately for Western travellers, 
the Koreans are not so pronouncedly ‘anti-foreign’ as their neighbours the 
Chinese. 

[The paper has been published in the ‘ Proceedings of the R.G.S.’] 


8. On a New Project for Drying-up the Zuyder Zee. 
By Professor P. H. Scuoure. 


[An_account of this project will be published in the ‘ Proceedings of the R.G.S.’] 


j 
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A joint meeting of Sections B and E was held for the purpose of reading and 
discussing the following papers on Oceanography :— 


(a) New Results in the Density and Temperature of the Bottom Water of the 
Atlantic off the Brazilian Coast. By J. Y. Bucwanay, F.R.S. 


(b) The Hydrography of the Baltic, the Kategat, and the Skagerak. 
By Professor Orro Perrersson. 


(c) The Physical and Biological Conditions of the Black Sea. 
By M. N. AnDREsOFF. 


(d) The Chemical Composition of Sea Water. By Dr. Grnson. 


[An account of these papers will be published in the ‘ Proceedings of the R.G.S.,’ 
Sept. 1892, p. 625.] 
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Section F.—ECONOMIC SCIENCE AND STATISTICS. 


PRESIDENT OF THE SEcTION—The Hon. Sir Cuartes W. FremAntze, K.C.B, 


THURSDAY, AUGUST 4. 
The Presiprnt delivered the following Address :— 


I supposr that few Presidents of any Section of this Association begin the 
preparation of their Addresses without taking at least a mental retrospect of the 
work of their predecessors. I have turned with great interest to the Address 
delivered by the late Lord Neaves, who occupied this chair in 1871, when the 
Association last met in Edinburgh. Lord Neaves rightly held that the subject of 
statistics is ancillary to the main subject of the Section, Economic Science, and 
his immediate predecessor, the lamented Professor Stanley Jevons, pointed out 
at Liverpool in 1870 that even ‘the name ‘‘statistics” in its true meaning denotes 
all knowledge relating to the condition of the State or people.’ I propose to devote 
the main portion of my Address to a subject to which I have devoted much atten- 
tion, and which is intimately connected with the welfare of an important section 
of our people, and I shall hope to point out the means which may be taken to 
promote their welfare without leading them, as Lord Neaves expressed it in his 
concluding words, ‘to dispense with ordinary and necessary prudence.’ It is 
impossible to exaggerate the change which has taken place since the date of Lord 
Neaves’s Address in the ideas of the public as to its responsibilities in regard to 
what is called charity. While it recognises that much which was then held to be 
‘charity’ is nothing more than justice to the poorer classes, its sense of the 
dangers of pauperisation has been greatly intensified, and it justly rezards many of 
the charitable methods which would then have been unhesitatingly advocated as 
not conducive to their best interests. I venture to claim a considerable part of 
the change which has taken place as due to the efforts of the Charity Organisation 
Society, which had then been recently founded, and of which I have the honour 
this year to be Chairman. I claim that the Society has made men everywhere 
think, and think seriously, of the duty incumbent upon them, not only of giving, 
but of giving with care and discrimination, and that it has enlisted in the service 
of their poorer brethren an army which, besides being always ready to be pru- 
dently generous, is in a thousand cases willing to ensure, by personal effort, that 
charitable help shall be wisely and kindly dispensed. Such personal effort realises 
what was well described centuries ago in the Talmud as ‘the doing of kind- 
ness,’ and is developing ‘a system founded not on rights but on sympathy, 
dealing not in doles but in deeds of friendship and of fellowship, and demanding a 
giving of one’s self rather than of one’s stores.’ It has naturally followed that col- 
lateral subjects, such as the promotion of thrift and the better regulation of 
benevolent and benefit societies, have during the last twenty years received a 
greatly increased amount of enlightened attention. 

Before proceeding, however, to the main subject of my Address, let me briefly 
refer to two questions more directly connected with the special work to which the 
greater part of my official life has heen devoted. 


Piss 


i 


The first of these is the restoration of the gold coinage, a question which has 
for many years past exercised the minds of successive Chancellors of the Exchequer, 
and has been a stumbling-block to bankers and the commercial world. It had 
long been felt that the machinery provided by the law, as laid down in the old 
proclamations and embodied in the Coinage Act of 1870, was of necessity powerless 
to maintain the gold currency in an efficient condition. The law provided that 
‘where any gold coin of the realm is below the current weight .. . every person 
shall, by himself or others, cut, break, or deface anv such coin tendered to him in 
payment, and the person tendering the same shall bear the loss’; but as there was 
no penalty for the disregard of this obligation, it became practically inoperative. 
Gold coins, however much below the least current weight, passed freely from hand 
to hand, and bankers received them from their customers and paid them away again. 
Only the Bank of England and a few other public departments obeyed the law, 
with the result that the principal sufferers were the banking establishments, who 
in the course of business pay large amounts of gold coin into the Bank of England, 
and were obliged to submit to the loss on all coins found to be light. The banks, 
in self-defence, naturally paid in as many full-weight coins as possible and put the 
light again into circulation. Not more than 1,500,000. of light coin, therefore, 
was annually withdrawn, and it was calculated that, at last, of the sovereigns in 
circulation as many as 46 per cent., and of the half-sovereigns no fewer than 70 
per cent., were below the least current weight. A Bill was brought in in 1884 
for the withdrawal of light coins by the State and for the substitution for the 
half-sovereign of a ten-shilling piece of the intrinsic value of 9s., so that a fund 
might be provided to cover the expense of the operation and of the future main- 
tenance of the currency in a proper condition; but this Bill was not proceeded 
with. Of the subsequent Bills introduced none became law, until in 1889 an Act 
was passed withdrawing light gold coins of former reigns, and these coins were 
finally called in under a proclamation issued in November 1890. The entire 
operation was effected at a cost of about 50,0002. It is curious to note that this 
is the first instance in which gold coin has been decried in this country, for the 
guinea and half-cuinea had never been declared uncurrent, and doctors and others 
might have contended that their fees were still represented by coins which were 
legal tender. The Act of 1889, with the subsequent proclamation, having served 
its purpose by clearing the circulation of all the older gold coinages, there only 
remained coins of the present reign to deal with. The Coinage Act of 1891 pro- 
vides for the withdrawal of licht gold coin by the State at its full nominal value, 
and will apply equally to coins which will hereafter become light as to those 
which have already fallen below the legal weight. No one can now or in the 
future suffer for tendering a licht sovereign or half-sovereign more than for making 
a payment with a worn half-crown or shilling, and any Victorian gold coin 
tendered at the Bank of England, provided that it has not been defaced and that 
its weight has not been fraudulently reduced, is received and exchanged. For the 
present, coins must be sent in in parcels of 100/. It is unnecessary to dwell upon 
the advantage which these arrangements have conferred, and will confer, upon 
the public. In 1842-45, when the previous withdrawal of light gold took place, 
the coin was only paid for by weight at the Mint price of 32. 17s. 103d. per ounce, 
and many were the misunderstandings and bitter the complaints to which the 
conditions of withdrawal gave rise. No inconvenience or alarm, on the other 
hand, is likely to attend the measures necessary under the Act of last year, which 
make it possible to effect the gradual withdrawal of the light coin without friction. 
To July 1 last the amounts withdrawn were: sovereigns 5,150,000/., and half- 
sovereigns, 3,850,000/. It had been estimated that the average deficiency of weight 
in each sovereign would be 2°57d., and in each half-sovereign 2°65d.,and the actual 
deficiency found has been 2°65d. in the case of sovereigns and 2'93d. in the 
case of half-sovereigns. After the first withdrawals have been effected it is 
probable that the deficiency will become less, as a certain amount of much worn 
coin had no doubt been accumulated in banks in anticipation of the passing of the 
Act. As far as the work has as yet proceeded, however, the cost of withdrawing 
1,000,0007. in sovereigns has been found to be 11,056/., and of withdrawing 
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1,000,0002. in half-sovereigns 24,4187. A sum of 400,0007. was set aside by the 
Act for the expenses of the withdrawal, which will be sufficient at this rate to 
meet the loss on 26,593,000/. Elaborate investigations were conducted by the late 
Professor Jevons in 1868, by Messrs. Inglis Palgrave and J. B. Martin in 1882, 
and by the Mint in 1888, with a view of ascertaining the total amount of light 
gold in circulation in the United Kingdom. Time does not admit of my analysing 
the results here, and indeed, so far as actual facts are concerned, the problem can 
never be solved, as a large number of coins become light each year, and the 
restoration of the currency, therefore, can never be complete. I might perhaps 
mention, as an interesting fact, that the Mint examination just referred to showed 
the gold coins circulating in Scotland to be less worn than those in circulation in 
England and Wales, owing no doubt to the general use in the north of 12. notes. 


The other question connected with the currency to which I wish to refer is one 
which since the last meeting of the Association has been much discussed, and 
which, though it has not as yet been the subject of legislation, is of primary 
importance. 

In December last the Chancellor of the Exchequer, in an address at the 
London Chamber of Commerce, described the changes which he thought it would 
be desirable to make in the currency system of this country for the purpose of 
increasing the central store of gold. The Baring crisis and difficulties which 
accompanied it, and in particular the necessity for obtaining 3,000,000Z. in gold 
from the Bank of France at very short notice, had drawn the attention of the 
business community to the fact that the existing metallic reserve was very small 
in relation to the enormous structure of credit founded upon it, and that it might 
be found to be wholly insufficient. Mr. Goschen’s proposal was to allow the 
Bank to issue 1/. notes, requiring four-fifths of any additional amount of issue so 
created to be covered by gold, while only the remaining fifth would he allowed to 
be issued against securities. ‘The effect of this scheme, if 1/7. notes proved popular, 
would have been to increase the total amount of the central store of gold, and also 
to increase the proportion borne by the gold in the Issue Department of the Bank 
of England to the note-issue covered by it. At the same time the profits upon the 
fiduciary portion of the additional issue would have sufficed to defray the cost of 
that issue without additional charge to the public. The Chancellor of the Ex- 
chequer considered that if a substantial increase were by these means secured in 
the gold in the Issue Department, it would be safe to allow the Bank, in times of 
crisis, an elastic power of issuing further notes against securities, upon conditions 
stringent enough to secure this privilege from abuse. This elastic power of in- 
creased note-issue was intended to take the place of the illegal suspensions of the 
Bank Act which had on several occasions been found necessary in the past. 

This scheme was the subject of much discussion both in the Press and in 
banking and business communities. There appeared to be a general consensus of 
opinion that an increase in the central store of gold was very desirable, but there 
was difference of opinion as to the manner in which that increase might best be 
brought about. Objection was also felt by many bankers, and by a large part of 
the general public in the South of England, to the issue of 1/. notes. 

The conditions of the concluding session of the late Parliament were not 
favourable for dealing with a large scheme of currency reform, and, as it was 
evident that the scheme proposed would not receive such unanimous support as 
would make it possible to pass it without very full discussion and consideration, 
the Chancellor of the Exchequer did not bring his proposals before the House of 
Commons in the shape of a Bill. 


I make no apology for devoting a large part of this Address to the subject of 
old-age pensions, although I am inclined to condole with my hearers and myself 
on the necessity of discussing a question which has now been for many months 
before the public, and which may by this time be considered to have been worn 
somewhat threadbare. But the question is surely a great and important one, cn 
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the wise solution of which the welfare of a not inconsiderable part of our population 
may materially depend, and one, therefore, which should certainly find a place in 
the discussions of this section of the British Association. 

All honour, let me say in the first place, to Canon Blackley, the pioneer of the 
movement so closely identified with his name and labours! Canon Blackley was, 
and is, in the opinion of many thoughtful people, only in advance of his age, and 
deserving of the credit of seeing that without compulsion no system of national 
insurance worthy of the name can be carried into effect. His scheme, with others 
subsequently proposed, was considered by a committee of the House of Commons 
originally appointed in 1885, and reappointed in the Parliaments of 1885 and 1886, 
‘to inquire into the best system of national provident insurance against pauperism.’ 
The report of the Committee, issued in August 1887, stated that their inquiry had 
‘ practically narrowed itself into an examination of one particular scheme,’ namely, 
Canon Blackley’s, ‘which had manifestly impressed itself, whether favourably or 
unfavourably, upon the minds of witnesses, to the exclusion of all other proposals.” 
It might ‘be briefly described,’ they reported, as a scheme ‘for the compulsory 
insurance of all persons, of both sexes and of every class, by the prepayment 
between the ages of 18 and 21 years of the sum of 10/. or thereabouts into a 
National Friendly or Provident Society, thereby securing to the wage-earning 
classes 8s. per week sick-pay and 4s, per week superannuation pay after the age 
of 70 years.’ In pronouncing their opinion on the scheme, the Committee first 
called attention to the evidence they had received from working-men and large 
employers of labour in favour of enforced contributions to a National Insurance 
Fund, the latter class of witnesses describing the benefits which had resulted from 
the establishment of such funds among persons in their own employment. They 
then proceeded to record the objections to the scheme laid before them from the 
administrative and actuarial points of view; to the difficulty of enforcing the pay- 
ments to the fund ; to the exclusion of all but wage-earners from benefit ; to the 
discontent which would be felt by the upper and middle classes at being called 
upon to contribute ; and, finally, to the proposal for compulsion, which they considered 
‘open to very strong objections.’ It is clear, I think, that we are not prepared, at 
any rate at present, for the adoption of so sweeping a measure. 

Canon Blackley has, indeed, since expressed his willingness to admit the idea of 
State aid towards pensions in accordance with the proposals of the National 
Provident League, with which he is connected; but he appears disposed to admit 
this and other deviations from his original plan only as stepping-stones towards a 
general system of compulsory contributions. 

I next turn to Mr. Chamberlain’s scheme. Mr. Chamberlain and the voluntary 
Committee of Members of the House of Commons with whom he is associated 


propose to establish a State Pension Fund, to which Parliament should be asked to 


make an annual grant, to be supplemented by contributions from local rates. The 
scheme is applicable to both men and women, and contains provisions for the 
payment of certain sums into the Post Office Savings Bank before the age of 
twenty-five, and certain further sums during each of the succeeding forty years, 
which would entitle men to pensions of 13/.,and women to pensions of 72. 16s. per 
annum at sixty-five. There are other provisions for the cases of widows of persons 
dying before sixty-five, and for other contingencies. There can be no doubt that 
this is a serious and businesslike attempt to grapple with the problem before us, 
but it seems open to the objection that it only touches the fringe of the question. 
By it only the willing fish would be swept into the net, while the too numerous 
small fry, anxious to elude the cast of the fisherman, whose especial object it 
nevertheless is to secure them, are allowed to swim away at their ease in the sea 
of thriftlessness and prospective pauperism. No one who knows the mental 
attitude and habits of thought prevalent among a large proportion of the working- 
classes can have failed to note the force of the resistance which they are too often 
inclined to oppose to any attempt, however gentle, to bring them into the 
disagreeable position of making definite arrangements even for the immediate 
fature, and of practising anything like systematic self-denial. The inveterate 
dislike to looking forward, the hopefulness that in some cases seems actually to 
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grow as misfortunes thicken, the daily evidence that ‘muddling on’ often does 
not in fact lead to any decisive or irretrievable catastrophe—all these contribute to 
encourage a ‘happy-go-lucky ’ existence, and to fortify the belief that without any 
special effort life may not improbably be lived without great distress, and in due 
time brought to a fairly satisfactory end. With these fatalistic views and ideas, 
ean we wonder that there is so little thought of the morrow? It isto be feared 
that such a scheme as Mr. Chamberlain’s, notwithstanding the manifest advantages 
which it offers, would not be widely adopted except by the comparatively small 
number of prudent people who are already prepared to make the effort necessary 
to secure a provision for their old age. 

Many other schemes of more or less importance and interest have been put 
forward. Some are ingenious ; some appear to contemplate the problem from one 
point of view only; others are, I had almost said, fantastic. An able and useful 
work by Mr. J. A. Spender, published in February last, and entitled ‘The State 
and Pensions in Old Age,’ with a preface by Mr. Arthur Acland, M.P., discusses 
the merits of the more important proposals which had then been made, and 
contains much valuable information. 

Among the contributions to the literature of the subject should be mentioned a 
pamphlet by the Rey. T. W. Fowle, rector of Islip, with the title ‘The Poor 
Law, the Friendly Societies, and Old-age Destitution: a proposed Solution.’ 
Mr. Fowle advocates the gradual extinction of outdoor relief within a period not 
exceeding twenty-five years, and the allocation to the friendly societies of the sum 
thus saved, which he reckons, including cost of management, at 3,000,0007. per 
annum, on condition that they should in return guarantee a sufficient maintenance 
to all their members permanently disabled by sickness or old age. He further 
proposes that, in consideration of this subsidy, the societies should be required to be, 
or to become, efficient, and to subject their tables, investments, and rules to the 
sanction of a Government authority. I do not think the societies would consent to 
this arrdngement. It would doubtless have the eventual effect of putting them all 
on a solvent basis, except those whose financial position is clearly hopeless, and 
whose extinction might be contemplated, as Mr. Fowle contends, with equanimity. 
But such an interference with the affairs of the societies generally would he 
resented, and their opposition to it, and to any general scheme of pensions which 
would affect their position and objects, could hardly be considered unnatural or 
altogether selfish, composed as they are in the main of the flower of the working- 
classes, keenly alive to the advantages of their independence, and to the evils 
which any infringement of it might entail. 

A striking instance of the feeling in this matter is afforded by the speech of the 
Grand Master of the Manchester Unity of Oddfellows at the annual Congress of 
Delegates held at Derby in June last. Speaking of old-age pensions, Mr. Bytheway 
said :—‘ For the State to assume that a man in these days was not in a position 
to earn for himself sufficient to put by to keep himself in old age without assist- 
ance from the State would have a most demoralising effect, and would be impolitic 
on national grounds, and calculated to destroy that independence of character that 
had done so much in the past history of our country to raise and elevate the 
people, and encourage thrift upon the only true basis—industry, self-help, and self- 
denial, and, therefore, to create a strong self-reliance in its train ot good re- 
sults. If the lazy or drunken were to fare alike with the temperate and 
industrious, this would not encourage thrift; and by giving pensions all round it 
would certainly not be an encouragement to the better members of society, but 
would act in a contrary direction. The suggestion that the medium for granting 
State pensions should be through the agency of friendly societies perhaps more 
immediately concerned them. As they had built up for themselves a position, 
and accumulated large funds by the exercise of liberty in managing their own 
affairs, he would not advise running the risk of losing this liberty and selling their 
own birthright for a mess of pottage, and having the right of self-management 
curtailed by any intermeddling on the part of the State, which would be sure to 
follow if State aid were accepted by them in their aggregate capacity as Odd- 
fellows. Any friendly society accepting such aid would, no doubt, very soon be 
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subject to State control; in fact, having expended public money, Government 
would only be doing its duty by claiming complete supervision of the affairs of 
any society so aided. Whatever form the national pension scheme took, it meant 
an enormous burden being cast upon the country, and the rate and tax payers 
would haye to supply the means, to a very great extent. The lowest estimate 
would mean many millions per annum. In fact, the members of the Manchester 
Unity would be in the position of not only providing for themselves but contribut- 
ing toa greater number in the aggregate who, through laziness, dissipation, and 
want of thought to provide for a rainy day, neglected all the opportunities afforded 
by such societies as theirs, or by any other means, to make any provision at all for 
the future. This struck at the very root and foundation of friendly societies, and 
would eventually endanger, if not destroy, all such institutions, as it would be 
unjust that the careful and watchful should pay for the reckless and vicious, and 
even be punished by having to provide for their maintenance. . . . He himself 
thought that any scheme should be self-supporting, and that the public funds 
should not be drawn upon to provide pensions, The country had been made what 
it was by individual character, and friendly societies had done very much to form 
that character among the hard-working population, and might now be regarded as 
bulwarks of strength to it.’ 

At another point in the working-man’s social scale, we find the following 
resolution passed by the Executive of the London Deckers’ Union in March last. 
While its political economy is perhaps not so good as that of the Oddfellows, and 
its language is stronger, it breathes the same spirit of dislike of interference with 
the management of a Pension Fund:—‘ That this Executive Committee of the 
Dockers’ Union hereby declares its opinion that any section of Pension Fund not 
being directly controllable by payees should not be countenanced in any way. We 
are of opinion, also, that it is an insidious attempt to perpetrate an unjust taxation 
upon wages. Also a means of retaining a large portion of the workers’ earnings 
for employers’ own benefit; while the possible good of such a system is so remote, 
the longevity of the toilers so low an average, and industrial mortality so high 
through insufficient wage and unhealthy environment, that we consider it opposed 
to economic fairness and a curtailment of remuneration, relieving capital and 
property of burdens at the expense of the already overtaxed and underpaid 
workmen.’ 

Nor is the dislike to interference confined to schemes of State aid, for we read 
that in February last a well-known manufacturing firm in Lancashire offered to 
subscribe 1,000/. a year towards a Sick and Pension Fund for their workpeople, 
and that the proposal was rejected by a majority of more than two to one, on the 
ground, no doubt, that it would be prejudicial to the perfect freedom of the latter. 

Among the other schemes, Mr. Vallance, the Clerk of the Whitechapel Board 
of Guardians, the value of whose contributions towards the science of Poor Law 
Administration and cognate subjects has been so widely acknowledged, suggests 
that wage-earners should be encouraged to put by small weekly sums, to be met 
by similar sums contributed, under legal enactment, by their employers, with a 
view to the formation of a bonus at death, if happening before sixty-five, or of 
pension after that age. The well-known objection to all such schemes is, that an 
employer might be tempted in some shape practically to deduct from wages the 
amount which he would be called upon to contribute. 

The proposal of Mr. T. Fatkin, Secretary and Manager of the Leeds Permanent 
Benefit Building Society, points to the investment of savings, under the manage~ 
ment of municipal bodies, in local securities yielding a higher rate of interest than 
that given by the Government, the compound interest on which at 3 or 54 per 
cent. would give greater benefit to the investor. This scheme, again, is one of 
which it is obvious that advantage would only be taken by persons firmly resolved 
to make some provision for the future. 

I need not specially refer to other schemes which have been recommended, 
with the exception of that of Mr. Charles Booth, whose views on any subject 
connected with the welfare of the poor must always command the highest respect. 
Mr. Booth has made a proposal which from its comprehensive boldness has 
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astonished many of his admirers, and which, coming from any other quarter, would, 
I venture to say, have been generally characterised, if not as Utopian, at least as 
affording to our social and political intelligences, in their present imperfect state 
of development, no food for serious discussion. It is nothing less, asis well known, 
than a scheme for universal pensions, or general endowment of old age. With 
his usual straightforwardness Mr. Booth at the outset informs his readers! that, 
as there are at present 733,000 women and 590,000 men, or about 1,325,000 per- 
sons in all, above sixty-five years of age in England and Wales, a universal pension 
list for those parts of the United Kingdom alone would amount, at 182, each, to 
17,000,0002. per annum. This sum is reduced by an anticipated contribution of 
4,000,0002. from the local authorities in consideration of the reduction which 
would be effected in the rates, and the total amount to be provided by Imperial 
taxation for carrying the scheme into effect throughout the United Kingdom is 
estimated at 16,000,000/. per annum. Mr. Booth anticipates that such a sum 
could be raised without difticulty, by direct and indirect taxation, which latter 
might include increased duties on sugar and drink, ‘ provided there be any desire 
that the thing should be done.’ I should fear that the means proposed would be 
quite sufficient to counteract any such desire, and Mr. Booth is unquestionably 
right in adding that ‘if the project does not so far commend itself to the com- 
munity as to make the necessary sacrifice welcome, no sensible statesman could 
be expected to take it up.’ 

But even if there should be any such widely expressed desire, let us see whether 
the scheme should commend itself in any degree to our matured ideas of self- 
government or to our long experience of the working of the Poor Law and charit- 
able and other agencies. It is proposed that every man and woman in the United 
Kingdom should, after sixty-five, receive a pension—duke and dock-labourer, 
countess and costermonger. Every person, whatever his or her position or ante- 
cedents, whether good or bad, rich or poor, thrifty or reckless, is to be treated 
in precisely the same way. No man, however wealthy or neglectful of his plainest 
duties to society, however drunken or improvident, as soon as he has reached the 
magic age, is to be debarred from the right to receive his pension. Is there any 
merit, I would ask, in living to sixty-five? and cannot a man or woman who has 
attained that age be almost as great a discredit to society as at any preceding 
time of lifeP Surely the mere fact of attaining a certain age should not obliterate 
the equally certain fact, it may be, that a man’s whole career has been a negation 
of his duty as a citizen and even as a decent human being! Nor can I pass over 
as futile some of the many objections to the scheme which Mr. Booth mentions, 
and with which he deals. Among these are, that the hard-working and thrifty 
would pay for the idle and worthless, and that it is unjust as well as impolitic 
that the undeserving and those who have done nothing to help themselves should 
benefit equally with the thrifty and deserving. Mr. Booth contends (I quote his 
own words) that as ‘according to the present law every drunken, immoral, lazy, 
ill-tempered old man or woman now existing has a right to demand the shelter of 
the workhouse,’ there can, therefore, be no harm in according to such people a 
weekly allowance of five shillings, which is in effect less than they would cost in 
the workhouse. I think the difference between the two cases is obvious. The 
financial results of each arrangement, to the payer of rates and taxes, may be 
nearly identical, but surely we ought to look further than this and see to it that 
the deserving citizen is not confronted with the spectacle of his undeserving 
brother living upon an allowance which he has done nothing to earn, in as perfect 
freedom as himself, and with every advantage, so far as the law goes, which he 
himself enjoys. Ido not think this would be a very edifying state of things, nor 
one likely to promote thrift. To this second point Mr. Booth only answers that 
‘it is even more subtly dangerous to inquire into a man’s character than into his 
means, if the benefit to be received is to be kept free from all taint of pauperism.’ 
I confess that it disturbs me little, as I conceive it would disturb our disreputable 
friend still less, to add the taint of pauperism to the many worse taints with which 
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he has been polluted, and to which he has become indifferent, during a long and 
ill-spent life. If he could look forward to his peusion, as Mr. Booth proposes, 
would he feel a glow of moral superiority and of conscious pride in his manhood ? 
Hardly. His motto would only vary the Epicurean ‘Let us eat and drink, for 
to-morrow we die’ to ‘Let us eat and drink, for’ to-morrow’ (that is, when 
we complete our sixty-fifth year) ‘we shall get pensions of 5s. a week. But 
in regard to his prospective pensioners generally, however deserving, Mr. Booth 
admits ‘that a provision for old age, obtained compulsorily under the law, and 
paid out of taxation, would carry with it none of the moral benefit which would 
attend the winning of a pension by direct personal sacrifice . .. nor would 
it directly minister to independence of character,’ though he contends, in a some- 
what too sanguine spirit as it appears to me, ‘that no one would make less 
voluntary effort to save because of it, and that many would increase their exertions 
in this direction.’ I should have thought that, on the contrary, looking to the 
widespread inclination to prefer provision against sickness to insurance for old 
age, which is a well-known feature in the habits of the working classes, and to 
which the arrangements of the friendly societies bear such striking witness, the 
mere fact of having a pension of 5s. a week to fall back upon would be sufficient 
to deter most of them from making further provision for the declining years which 
they may never live to see. Granted, however, that the advantages of a universal 
pension scheme from taxation were fully shown, there still remain several points 
touched upon by Mr. Booth which should make the cautious mind pause hefore 
consenting to its adoption. For instance, Mr. Booth says: ‘It is not to be for- 
gotten or disguised that year by year the sum needed’ (for pensions) ‘must 
steadily increase, faster very likely than the rate of increase of the whole popula- 
tion. . . . Happily, wealth is increasing faster than population.’ When it is con- 
sidered that the initial cost is estimated at 16,000,000/. per annam, this is a very 
disquieting suggestion, and quite sufficient in itself to make the boldest hesitate 
before plunging into such a sea of uncertainty. Then the administrative details 
of carrying the scheme into effect would necessarily be somewhat complex ; and 
Mr. Booth shows that, when the official army of registrars and superintendent- 
registrars has been set in mction, the arrangements for fixing the age of the 
applicant made, and the precautions against fraudulent claims in two places taken, 
a great deal of difficult and harassing work will have been done. He contends, 
indeed, that the system is simple as compared with any scheme of national insur- 
ance, but he says enough to show that, as might be expected, a very considerable 
amount of trouble both to officials and claimants will be inevitable. And, finally, 
he makes no provision for the expenses of the scheme, which, he thinks, need not 
exceed from 10s. to 20s. in each case, suggesting that this amount ‘could be de- 
ducted from the first payments of pension, at the rate of 2s. 6d. a week till paid.’ 


- It is to be feared that, looking to the necessity which there certainly would be, 


especially in towns, of keeping a constant watch over each case to prevent fraud, 
such as the drawing of a pension after the decease of the pensioner, the services of 
registrars would be in pretty continuous demand, and those services would have 
to be paid for. 

But it may be said that national pension schemes have been set on foot in other 
countries, and that there is no reason why we should be behindhand in the good 
work. It is true that in Germany three insurance laws have been passed, and 
according to Mr. Wilhelm Bode—whose article in the ‘ National Review’ of March 
last should be read by all interested in the question—the latest, that for old age 


_and sickness, is by far the most unpopular. Itis generally called the ‘ Klebegesetz,’ 


or ‘Sticking Law,’ from the immense number of stamps which it is necessary to 
use in carrying its provisions into effect, and its administration appears to have 
been found intolerable. A report on the working of the law during the first year 
(1891), made by Herr von Béotticher in the German Reichstag in February last, 
shows that there were 173,668 claims for old-age pensions under this law during 
the year, of which 132,917 were allowed, the average amount of pension being 125 
marks, or 6/. a year. It is to be observed that these persons obtained pensions 
without haying contributed anything to the insurance fund. Mr. Bode states that 
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Herr von Botticher congratulated himself that a Jarger number of persons called 
upon to insure had not absconded, and that the discontent caused by it was not 
greater, adding that, no wish was felt in the country for a continuation of social 
reform laws. This latest social law certainly does not appear to have been 
attended with encouraging results, Already a popular movement for its repeal 
has made some way in Bavaria, but there is of course but little prospect of getting 
rid of it at present. Meanwhile the self-help societies have either ceased to exist 
or have been greatly crippled, and Mr. Bode can only hope that they will one by 
one come back, and that the energy of German manhood, sapped by the compulsory 
system, will return, and the dishonesty which it fostered die out. His article 
concludes with an earnest appeal to England not to encumber herself ‘ with any 
big scheme of any impatient State socialist,’ but to remain, ‘what she has been so 
long, the chosen land of the free—of the men who help themselves.’ I think such 
an appeal should touch us nearly. 

In June 1891 a Bill was presented to the French Chamber of Deputies by 
M. Constans, then Minister of the Interior, and M. Rouvier, Minister of Finance, 
for the creation of a ‘ Caisse Nationale des Retraites Ouvriéres,’ or pension fund for 
the benefit of workmen and others employed in trade, farm labourers, and domestic 
servants of both sexes, whose income does not exceed 3,000 frances (120/.) per 
annum. All persons in this position will be considered to be willing to take 
advantage of the benefits of the fund, unless they make a declaration of unwilling- 
ness before the mayor of their place of residence. It is proposed that the fund 
should be formed by equal contributions from the depositor and his employer, 
which are either to be paid into the newly established ‘Caisse,’ or into duly 
authorised provident societies already existing, and by an addition to be made by 
the State equal to two-thirds of those contributions. The latter are to consist of 
not less than five centimes nor more than ten centimes per working-day contri- 
buted both by the workman and his employer; and, taking the average number of 
actual working-days in the year at 280, so as to allow for holidays, slackness of 
work, and sickness, it is calculated that, after thirty years of continuous saving, 
five centimes per day put by from each source, and invested at 4 per cent., should 
amount to a pension of 180 francs, and ten centimes per day to a pension of 360 
francs, per annum. These amounts not being considered sufficiently high to tempt 
the class whom it is desired to benefit, it is proposed, as mentioned above, that the 
State should materially add to them. The term of years over which the contribu- 
tions are to spread is limited to thirty, as, owing to compulsory army service, it is 
considered that contributors will hardly have settled down to steady work before 
the age of twenty-five, and that but few persons would be willing to continue the 
necessary payments beyond the age of fifty-five or fifty-six. On arriving at the 
time for pension, the contributor must be able to prove that his income is not more 
than 600 francs per annum. The Bill also contains provisions for life insurance, 
the State contributing towards the payment of the annual premiums; for the 
payment of their pensions to contributors who have become permanently incapaci- 
tated through sickness; and for the relief of those who may be obliged on account 
of accidents to interrupt their payments into the fund. Several other Bills have 
been brought forward by independent deputies with analogous objects, into the 
details of which time will not permit me to enter. It is interesting, however, to 
note that some of the methods proposed for raising the funds necessary to enable 
the State to grant pensions are hardly such as would commend themselves to our 
ideas; as, for instance, the proposal in a Bill presented by several deputies that all 
collateral successions to property should be suppressed, and that a sliding scale of 
succession duty should be fixed, rising from 1 per cent. on sums below 10,000 
francs to no less than 75 per cent. on sums above 1,000,000 francs. Hardly less 
interesting is the suggestion of another enthusiastic legislator that, at the central 
office of the pensions department, to be placed in the Louvre, there should be a 
museum in which a ‘golden book’ should be kept for inscribing the names of 
donors of not less than 100 francs to the pension fund, while the generosity of 
donors of 10,000 francs should be recorded on a marble tablet, and that of princely 
subscribers of not less than 100,000 franes by a bust. 
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In Italy the question of establishing a National Pension Fund has also been 
widely discussed, and in past years several schemes have been proposed to the 
Legislature. A Bill is now before the Chamber providing for the establishment of 
a central governing body, whose duty it would be to administer funds partly sub- 
scribed by authorised savings banks or other self-help societies and by individuals, 
and partly by the State from various specified sources. Every Italian, man or 
woman, certified to belong to the workine-classes, may subscribe to the fund, but 
not more than 500 lire, or 20/. per annum, and every person who has subscribed for 
not less than twenty years is to be entitled at sixty to a pension, the amount of 
which is to be determined by the amount of the contributions made to the funds 
with the addition of compourd interest. No pension may exceed 20/. per annum. 
Provision is also made, in the case of the subscriber's death, for the payment to his 
representatives of all contributions and interest. It is evident that this scheme 
does not go very far in the direction of establishing a general Old-age Pension 
Fand. 

In April 1891 the Danish Legislature passed a law giving every Danish sub- 
ject, man and woman, the right to a pension at sixty years of age. Exception is 
made of persons who have been convicted of crime, who have fraudulently made 
over their property to relatives or others, who have brought themselves to distress 
by extravagance or evil-living, who have during the preceding ten years received 
relief from the poor-law (assistance publique), or who have been convicted of men- 
dicity. Applications for pensions are to be addressed to the parish (commune), 
who will make all inquiries, and fix the amount of the relief to be granted, which 
may be in money or in kind. The relief may be withdrawn if the pensioner should 
become ineligible through misconduct or spend his pension improperly, and, if he 
marries, his pension is zpso facto withdrawn, and he becomes chargeable to the 
poor-law. It will be seen, therefore, that there is in Denmark no sentimental 
objection to an inquiry into an applicant's moral character and pecuniary position 
such as Mr, Booth so strongly deprecates, and that the so-called pensions are but 
an extension of the system of what we should call outdoor relief. The pension is 
to be derived from the parish, subject to certain conditions as to the applicant’s 
place of birth, or, if the place of birth cannot be determined, from the poor-law, 
and the State contributes half the expenses of the parishes in distributing the 
relief, provided that those expenses do not exceed one million crowns (55,000/.) in 
each of the years 1891-95, and two million crowns (110,0002.) in subsequent years. 
No appeal lies against the decision of the communal authorities. 

It is evident that, as only one of the three schemes last mentioned is in 
actual operation, they cannot as yet be fully judged, but I venture to question 
whether there is anything which we could think of following here. In this 
country there is, no doubt, a holy horror of the workhouse, but there is also a 
perhaps unreasonable prejudice in favour of ‘going as you please,’ and a scarcely 
less pronounced aversion, upon the whole reasonable and certainly characteristic, 
to being what the French would call ‘administered.’ I can hardly imagine 
my countrymen, of any class or disposition, subjecting themselves to a regular 
system of Government interference in affairs of which the management, or mis- 
management for the matter of that, they have always considered to be a Briton’s 
birthright. Let us ask ourselves, after looking at the question in all its 
bearings, whether we must not give up the idea of anything like compulsion 
in matters of thrift, if indeed we must not also give up the idea, when it 
came to the point, of anything in the nature of Government help and 
intervention. 

But is there, then, no way in which help can be rendered to our deserving poor? 
Must the present state of things go on, and the public conscience continue to be 
shocked at the sieht of thousands of old people lapsing hopelessly into pauperism ? 
Let us examine the present state of things, and look a little into its causes. How 
is old-age pauperism brought about? There is doubtless a not inconsiderable part 
of our population which might make at least some provision for old age, but which 
prefers the careless living from hand to mouth, and considers subscription to a burial 
club the only claim which the future has upon it. As I have already said, even 
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where there is some thought of the morrow, inveterate habit leads many bread- 
winners to think more of the immediate than of the comparatively distant future, 
and to provide rather against the risk of accident or illness by joining a sick-club 
than against the remote prospect of destitution when the day of work is over. 
When all this is conceded there must remain, no doubt, many cases of unforeseen 
and undeserved misfortune, in which old age overtakes the toiler without his 
having had a chance of making provision for it—cases where wages have hardly 
ever been such as to allow of saving, where families have been large and sickly, 
where the struggling widow, work and pinch how she might, has had difficulty in 
keeping the wolf from the door. These are the hardships with which we must all 
sympathise—these are the sorrows we should all wish to relieve, Putting 
unavoidable misfortune aside, however, for the moment, let us consider whether 
our present system is such as to offer the maximum amount of encouragement 
to self-help and self-reliance, and the minimum amount of encouragement to an 
easy-going frame of mind which looks forward to pauperism with equanimity. 
What are the prospects, generally speaking, of the average worker who has made no 
provision for his old age? He sees the system of outdoor relief in full operation ; 
he knows that unless and until he becomes utterly helpless and friendless, a dole 
will be made to him which will keep him from starvation, and he learns to look 
forward to that dole without repugnance and without dismay. The circumstances 
under which it is allotted to him make but little change in his family arrange- 
ments. His able-bodied children, if he has any, are seldom called upon by the 
Guardians to make any great sacrifice for him, and he sinks down into a more or 
less contented, but complete and hopeless, pauperism. I say that a community 
which tolerates and maintains such a system incurs a grave responsibility, and, so 
long as it makes no effort to improve it, has no right to wax impatient at the 
crying evil of old-age pauperism. And if a change in the system is possible, surely 
we ought to consider whether it cannot and ought not to be made before we seek 
by heroic measures to set aside arrangements susceptible of gradual improvement 
and substitute for them a state of things which would perpetuate many of the 
worst evils of dependence. If we had reason to believe that the Poor Law could 
only be administered in the manner indicated above, we should perhaps be justified 
in at once looking outside it for means to improve the condition of our aged poor. 
But the very reverse is the case. We have abundant evidence that by firm and 
patient administration the condition of whole districts in regard to pauperism may 
be radically changed, to the great benefit, material and moral, of the poorer 
inhabitants. During the last twenty years experiments in this direction have been 
made both in urban and rural districts, not conceived in the spirit of empiricism or 
caprice, but undertaken as the result of ripe experience and with a single eye to 
the real interests of the poor, which have heen attended with complete success. 
The tendency of the reforms effected has been, as is well known, towards a great 
reduction, and in some cases the total abolition, of outdoor relief, In the winter 
of 1869-70 the Guardians of Whitechapel, one of the poorest districts in Loudon, 
had forced upon them the necessity of reviewing their position. Up to that time, 
in the words of Mr. Vallance, the Clerk to the Guardians— 

‘The system may be said to have been that of meeting apparent existing 
circumstances of need by small doles of outdoor relief, the indoor establishments 
. . . . being reserved for the destitute poor who voluntarily sought refuge in them. 
Able-bodied men who applied for relief on account of want of employment were 
set to work under the Outdoor Relief Regulation Order, and, in return for such 
work, were afforded outdoor relief.in money and kind. Under this system, the 
administration was periodically subjected to great pressure; so much so that the 
aid of the police had not infrequently to be invoked to restrain disorder and afford 
necessary protection to officers and property. Police protection was even at times 
required for the Guardians during their administration of relief.’ 

In such circumstances, it is not to be wondered at that the Guardians should 
have earnestly endeavoured to reform ‘a system which was felt to be fostering 
pauperism and encouraging idleness, improvidence, and imposture, while the 
“relief” in no true sense helped the poor.’ They gradually restricted outdoor 
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relief in ‘ out-of-work’ cases, and subsequently in other cases also. Sick persons, 
widows, and the aged and infirm were only relieved out of the workhouse on 
conditions strictly applicable to their individual cases. The latter class were not 
so relieved unless it was proved that they had been thrifty and had no children or 
other relatives legally or morally liable to support them and able to do so, and 
even they ceased to be a charge on the rates after the establishment of the Tower 
Hamlets Pension Fund, which was formed for the express purpose of saving the 
really deserving poor from the Poor Law. The result has been that outdoor 
relief has gradually ceased to exist in Whitechapel, and that no cases, other than 
those of sudden or urgent necessity relieved by the relieving officer in kind, have 
been added to the Outdoor Relief lists for more than twenty years. Notwith- 
standing this, the number of indoor paupers has not increased. Inquiry was made 
into every case in which outdoor relief was withdrawn during the two years 
ended Lady Day 1875, from able-bodied widows and deserted women, the ‘most 
helpless of all classes, with the result that out of 167 cases, comprising 600 in- 
dividuals, 77 were found to be doing as well as or better than when in receipt 
_ of outdoor relief without further assistance, 52 were obtaining an independent 
_ living after having received assistance from charitable agencies or other sources, 10 
had been admitted to the workhouse, 18 had apparently left the district, two had 
died, and eight only, owing to vicious habits or the refusal of the assistance offered, 
were believed to be not doing well. It will thus be seen that of the 167 cases no less 
than 129 had been taken from the ranks of pauperism, with the best results to them- 
selves, to say nothing of the ratepayers, and with moral results to the community 
at large which cannot be described in detail here, but which must be obvious. 
Mr. Loch, the Secretary of the Charity Organisation Society, in his work ‘ Old- 
age Pensions and Pauperism,’! has given details showing what the results have 
been of a similar Poor Law policy in two other poor Metropolitan Unions, Stepney 

_ and St. George’s-in-the-East, the latter, taken as a whole, being the poorest of ail 
the Unions in London, and comparing them with the Unions of the Strand and 
Bethnal Green. He has also shown the results of careful administration in Unions 

_ the very opposite to the London districts abovementioned, namely, the rural 
Unions of Brixworth in Northamptonshire and Bradfield in Berkshire, as compared 
with the two similar Unions of Linton in Cambridgeshire and Midhurst in Sussex. 
The facts brought out by these two sets of comparisons are striking and conclusive. 
{In Unions in which there has been a careful administration of the Poor Law tor a 
“period, more or less, of twenty years, it has been proved that the proportion of 
paupers over sixty to population can be reduced in the country to about four per 
cent., and in London, judging by its poorest Union, by more than half the present 
number. Can it be doubted that in these cases the bugbear of old-age pauperism 
has already been faced and in a great measure dispelled, and is there any reason, 
beyond the force of habit and a wis inertie which surely might be grappled with, 
why both town and country Guardians should not follow the example set them by 
the pioneers of this movement, and by a common effort subdue the common 
enemy? Let us not, with the experience we have to guide us, be led astray in 
this matter, though some of our philanthropists and political economists seem 
“inclined to countenance a large increase of public expenditure in connection with 
the relief of the poor. Among the many nostrums for the cure of the disease 
under which the State is supposed to Jabour is a proposal by Mr. Bartley, M.P., 
embodied in the ‘Old-age Provident Pension Bill’ which he brought in during 
the last session of Parliament. Mr. Bartley proposes that every person (man or 
woman) of sixty-five, who is not a criminal or drunkard, and who is unable to 
earn the wages of his calling, shall be entitled to a pension of 7s. per week from 
the local authority, which is to be the County Council, provided that he has never 
received poor-law relief. If he has purchased an annuity from the Post Office or 
some friendly society, or paid a lump sum for the purchase of a deferred annuity 
from the Post Office, or is prepared to pay a lump sum of not less than 10/. to the 


' Old-age Pensions and Pauperism. An Inquiry as to the Bearing of the Statistics 
of Pauperism quoted by the Right Hon. J. Chamberlain, M.P., and others in support 
of a scheme for National Pensions (London: Swan Sonnenschein & Co., 1892). 
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local authority, or has partially provided for himself in other ways, to the satisfac- 
tion of the local authority, he is to be entitled to a pension of 5s. 6d. per week, 
with the addition of an extra amount according to the payments which he has 
made. And, further, there are to be pensions, if the local authority should see fit, 
of 3s. 6d. per week even for the persons declared ineligible, provided that they can 
show unavoidable illness or misfortune. The necessary funds are to be raised by 
a special rate to be called the ‘Pension Rate.’ I need not do more than call 
attention to these provisions to show how disastrous such a law would be. The 
burden which would be imposed on the County Councils of deciding upon the 
merits or demerits of each case; the wide discretion allowed in the award of 
pensions, even to the criminal and drunkard, if only what can be construed into 
“unavoidable misfortune’ can be proved; and the danger that absolutely different 
constructions of the law would prevail in different localities—all combine to make 
it next to impossible but that its operations should be fatal to the exercise of 
thrift, and should bring back in redoubled force many of the evils of extensive out- 
door relief, with greatly increased burdens on the ratepayer. Among the political 
economists I regret to say that an eminent professor, and, what is more (I speak 
with bated breath), a former President of this Section, has thrown his great weight 
into the scale of wide, if not lavish, distribution of outdoor relief. I am not 
quite sure that I understand Professor Marshall’s position, but he propounds in the 
‘Economic Journal’ sixteen questions which he thinks should be considered before 
any large scheme is undertaken for the relief of the aged, and which seem 
incidentally to show his antagonism to most of what I had thought to be the 
generally accepted maxims of poor-relief. 

But let it not be supposed that advocates of a firm and careful administration 
of the Poor Law consider it the only thing required to prevent or deal with all 
cases of old-age pauperism. In the best-regulated Unions, especially in towns, 
there will always be cases—too many, alas !—of highly deserving old people who 
are unable to maintain themselves, and of whom no just person could bear to think 
as condemned to outdoor relief, and still less to incarceration in a workhouse. These 
are precisely the cases which are best brought out where outdoor relief has either 
been entirely abolished or is quite the exception. For these—and experience in 
well-managed Unions has shown how comparatively few they are—there surely 
remains the exercise of a well-ordained charity which will step in and prevent a 
consummation so much to be deprecated. Children and other relatives, who under 
a loose system of poor-relief are too apt to consider that in one shape or other their 
parents and aged kinsfolk may naturally be left to the tender mercies of the Poor 
Law, are brought together and induced to contribute to their support ; and pension 
societies, such as the Tower Hamlets Pension Committee, the Local Pension 
Committees of the Charity Organisation Society, and the like, are willing and ~ 
anxious to come to the rescue. Nor is this organised assistance to those whom the ~ 
late Duke of Albany called ‘ the aristocracy of the poor’ of use to the recipients 
only. In hundreds of cases which have come under my own Inowledge in East 
London, for instance, it has been the means of inspiring in men and women a holy 
zeal for charity which, without any hateful feeling of patronage on the one side, or 
of cringing dependence on the other, gives a scope, such as none other can supply, for 
a true friendship between rich and poor and blesses both the giver and the receiver. 
I have endeavoured to show, in these few and necessarily brief remarks about one — 
of the great social questions which occupy men’s minds to-day, that for the 
promotion of the best interests of our aged poor there may be a ‘more excellent 
way’ than a vast organisation of State-aided pensions. May we work out 
oe and other similar problems, as Englishmen do, calmly, wisely, and to good 
effect ! 


But, turning to our immediate duty as members of this Section, let us en- 
deavour to ascertain what we can do to inculcate and foster sound views on these — 
and similar subjects. In the proceedings of this British Association for the 
Advancement of Science we may see how intimately the work of Section F is 
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related to that of the Sections in which the physical and mechanical sciences are 
studied. The extraordinary advances which have of late years been made in 
the application of science to industry have materially added to the wealth of 
the working-classes, and that wealth is more easily earned than in the past. But 
their knowledge of the great economic laws upon which true progress must 
depend has not kept pace with their increased resources; nor can this be the case 
until they are able to grasp the principles of our subject. It may fairly be urged 
that the advauce in physical science is drawing its relations to economic science 
closer day by day. May we not be about to witness some of the enormous deyelop- 
ments caused by the substitution of machinery for hand-labour which we have for 
some time past been led to expect? The rapid exhaustion of coalfields, to which 
Sir Robert Ball has recently again called attention, is leading to the utilisation of 
power from other sources, a question with which the President of Section G will 
doubtless deal. We are told that the falls of Niagara develop a force of 44 
million horse-power, or the equivalent of all the steam-power used in the world, 
and that steps have been taken for the immediate utilisation from this source of 
100,000 horse-power, or the equivalent of one forty-fifth part of the steam-power 
of the globe. Advances such as these in the utilisation and transmission of 
energy must, by extending the means of production, profoundly affect the wage- 
earning capacity of the workman, and consequently the general relations between 
employers and employed; and it is the privilege of members of this Section to 
prepare their countrymen for the altered condition under which they may be 
called upon to live and work. They must never be weary in setting before all 
sections of the community the necessity of being ready to face such momentous 
changes as those which I have indicated, and, if I may be permitted to borrow 
an illustration from electrical science, I would say that their duty is analogous 
to that of the ‘transformers,’ of which so much has lately been heard. They 
deal less with energy itself than with its control, but their function is so to change 
forces of unwonted ‘ potential’ that those forces may cease to be dangerous and 
disruptive, and may be made to weld the various efforts of humanity into coherence 
and strength. 


The following Papers were read :— 


1. Methods of Social Inquiry. DBy Professor P. GEpDES. 


2. La Science Sociale et sa Méthode. Par M. Demottys. 


8. Some Notes on the Compilation of Monographs on the Economies of large 
Cities, with Illustrations from the Case of Glasyow. Py Prof. JAMES 
Mavor. 


1. Description of plan of operations. 

2. Classification of statistics involving modifications of systems of classification 
adopted by Engel and Le Play. 

3. The industry as the unit of investigation. 

4. The family as the sub-unit. 

5. Miscellaneous character of the industries of Glasgow, and general account of 
the chief industries. 

G. Conditions of life among artisans employed in the chief industries. 

7. Exampies of family monographs. 

8. The practical utility of such investigations. 


4. The Slums of Manchester. By Cuas. W. Suitey, IA. 


A fair sample of the Manchester slums is the tract on Oldham Road recently 
taken by the Corporation. It contains 173,800 square fet, cr about three acres, 
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In 189 dwellings resided 954 persons, of whom 114 were under five years of age. 
The density of population was 240 per acre, as against 64, the city average. The 
death-rate has crept up to an ayerage of over 50 per 1,000 for the past four years, 
as against a city average of only 18 per 1,000. The buildings (two-story brick) in 
this area were mostly erected before 1830, were very deficient in ventilation, and 
had become so unsanitary as to be condemned by the medical officer of health. 
Over ninety of them were back-to-back houses. The Corporation will clear the whole 
tract, and erect a five- or six-story apartment house thereon, similar to the Jersey 
Street dwellings in Manchester. These dwellings were constructed in 1891-92 
by a private company. The building is 176 feet long, 48 feet deep, and six stories 
high; is fireproof, and provided front and rear with balconies for providing access 
to the 149 apartments. Excellent ventilation is secured. A resident superin- 
tendent enforces a set of rules which are made necessary by the circumstances, but 
which incidentally are of a very civilising character. Cleanliness and self-control 
become a necessity to the tenant. As no tenant can sublet, overcrowding—one of 
the worst features of slum life—is impossible. The conduct of the tenants is suf- 
ficiently under the guidance of the superintendent to insure health and happiness to 
a considerable degree. Certain voluntary societies organised among the tenants, it 
is hoped, will have a further influence for good among them. 

Whenever, therefore, a slum gets so unhealthy that it can be condemned as 
unhealthy, the way is open to forcible interference by the municipality. If such 
buildings can be made to pay, they will of course multiply through private enter- 
prise, and a demand for sanitary dwellings may perhaps be cultivated among the 
denizens of the slums. 


5. Parliamentary Returns on Social and Economic Subjects. 
By ©. 8. Locu, B.A. 


Figures are used every day as ‘ decisive and conclusive arguments,’ as means of 
agitation, or as means of instruction. We have to deal especially with figures as 
they are drawn up in parliamentary returns. One out of many instances of the 
misuse is quoted. In ‘ Facts for Londoners’ the Fabian Society publish, by way of 
agitation, such statements as the following :—‘ In London one person in every five 
will die in the workhouse, hospital, or lunatic asylum. In 1887, out of 82,546 
deaths in London, 45,507 being over twenty, 9,399 were in workhouses, 7,201 in 
hospitals, and 400 in lunatic asylums ; or, altogether, 17,000 in public institutions.’ 
“One in every three London adults will be driven into these refuges to die.’ ‘One 
in eleven of the whole metropolitan population is driven to accept Poor-law relief 
during any one year.’ ‘In spite of all, twenty-nine deaths were referred in 1888 
to direct and obvious starvation.’ . 

Deaths in Public Institutions.—‘ W orkhouse,’ in the Registrar-General's returns, 
includes Poor-law intirmaries and the district hospitals of the Metropolitan 
Asylums Board for infectious diseases. Without explanation the reader would not 
understand this. The evidence taken by the Select Committee on Hospitals shows 
that the poor are not driven to these institutions to die, but go only too readily. 
Nor are people driven to die in lunatic asylums, which, like the district hospitals, 
are provided for the general benefit of the community. Figures show how, since 
1867, when the Metropolitan Poor Act was passed, there have been very many 
fewer deaths in workhouses, and a larger proportion in the Poor-law infirmaries 
and hospitals and asylums of the board. And ‘ hospital’ in the Registrar-General’s 
return includes such different institutions as the Herbert Military Hospital and a 
cancer hospital, &c.—institutions not to be ‘put under one hat.’ Artisans who earn 
good wages are rightly in long illness in-patients at these hospitals, and they con- 
tribute to them, as the Hospital Saturday Fund lists show. Besides, many hospital 
cases are accidents. The argument of ‘the facts’ comes to this, that the better our 
medical provision, the worse our social state. The figures, too, are incorrect. 
London institutions outside the metropolitan division are not included. Nor is 
allowance made for non-Londoners dying in London institutions. Lastly, the 
return is misapplied. The object of it was to show what allowance was to be made 
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for deaths in institutions in census returns; and whether, comparing year with 
year and hospital with hospital, hospital mortality could be prevented or reduced. 
The ‘ Starvation’ Returns.—‘ Twenty-nine cases were referred in 1888 to direct 
and obvious starvation.’ The figures for 1888 were the smallest then on record. 
This isnot noted. It isa commonerror to take one year’s returns only and to ignore 
the historical context of a return. Further, cases, as entries in the returns show, 
are not due ‘to direct and obvious starvation,’ but to many other causes besides, 
The correctness of the verdict, too, is sometimes very doubtful, as instances show. 
The Poor-law Returns.—‘ One in eleven of the whole metropolitan population 
is driven to accept Poor-law relief.’ This includes admission to Poor-law 
infirmaries, lunatic asylums, and the idiot and imbecile asylums of the Metropolitan 
Asylums Board, and so on. So that the statement, as it stands, is quite misleading. 
Besides, probably 2, and not 33, is the multiplier to obtain, from the number of 
aupers in a day, their number in a year. The multiplication by 34, a moot point, 
is known to be very doubtful. 
Conclusions: that returns should not be used without reference to their 
historical and social context, and should be analysed before use so that the reality 
of their definitions may be tested, and differences as well as similarities in the units 


- on which they are based clearly shown. 


The Compilation of Returns.—The need of more care in the compilation of 
returns is shown by reference to Mr. Burt’s return of aged paupers, the recent return 
(May 1892) on the same point, and the yearly and day census of pauperism, Lord 
Lymington’s return on the number of members of friendly societies who are paupers, 
and the return of the Charity Commissioners on the application of charitable funds 
to elementary education. It is suggested that when, on general grounds, it has 
been decided to compile a return, the form of it might be settled by a select com- 
mittee after taking expert evidence; that if the information desired cannot be 
supplied, as evidence might show, in the form of a return, the proposed return 
might be abandoned; that some kind of preface might be affixed to a return, 
showing (1) the method on which it was compiled; giving (2) explanatory matter, 
as, e.y., Supplied by the Local Government Board in their Appendix E; and (3) 
references to previous returns of a similar nature; also (4) short accounts of the 
official proceedings in certain returns, e.g., the ‘starvation’ returns. A complete 
catalogue and subject index might be compiled of papers in some departments of 
social work by such a society as the Statistical Society. 

Limitation of the Returns System.—Many returns at every point touch the 
domain of character. It is a question whether we do not err in classifying, e.7., by 
wages, &c. (cf. the classes A, B, C, &c., of Mr. C. Booth’s tables); and whether we 
would not get truer results by analysing or counting by types. Social science can 
show few results of long-continued impartial investigation such as in natural 
Science can frequently be found. 


6. The Relation of Ethics to Economics. By J. S. Mackenzie, M.A. 


Political economy, being a practical science, falls entirely within the sphere in 
which ethical considerations apply, and it is consequently affected by ethics at 
every point; but the chief points of contact may be conveniently summed up 
under four headings :— 

I. The Place of Economics in Social Science.—Political economy has had an 
exaggerated prominence, which, from an ethical point of view, cannot be justified. 
This prominence is partly due to the recent development of industrial life, and 
partly to the fact that economic study lends itself more readily to abstract treat- 
ment than the other aspects of social life. An effort must be made to correct this 
one-sidedness, and to treat economic questions in subordination to questions of 
social well-being in the larger sense. 

II. Economic Methods.—There are, broadly speaking, three different methods 
of economic study :—(1) The historical method, considering what is and has been. 
(2) The analytic method, investigating what tends to be. (3) The moral method, 
endeavouring to discover what ought to be. Without disparaging the two former 


838 REPORT—1 892. z 


methods within their own limits, we must insist on the subordination of the study 
of what is, and what tends to be, to the study of what ought to be. And at least 
the three studies must be carefully distinguished. 

Ill. Lhe Divisions of Economics.—Regarding production, distribution, and con- 
sumption as the chief departments of economic science, we have to notice a ten- 
dency to give undue prominence to production, From an ethical point of view, 
we must insist on the importance of distribution and consumption. Also produc- 
tion must be studied, not merely with reference to the thing produced, but also to 
the person producing. With regard to consumption, we have to consider the 
effects of different kinds of consumption: (1) on the well-being of the consumer ; 
(2) on that of the producer. The importance of this side of economic study has 
been partly obscured by the Utilitarian theory. The theory of value has been 
somewhat obscured in the same way. Objective values must be studied as well 
as subjective. 

IV. Applied Economics.—Political economy is an art as well as a science, and 
it is chiefly in its aspect as an art that it is affected by ethical considerations. In 
applying economics to the guidance of conduct, it is necessary to consider the 
question of justice. On this subject recent ethical thought has thrown an im- 
portant light by the introduction of the conception of the organic unity of society. 
The conception of justice thus reached may be opposed to the conceptions of 
abstract freedom and abstract equality. The chief thing to be insisted on, from 
this point of view, is that everyone must be treated both as means and as end. 
We arrive in this way at two great commandments :—(1) Thou shalt not exploit. 
(2) Thou shalt not pauperise. The application of these principles in detail is by 
no means easy. It isa problem that will require the same strenuous application 
as that which has already been devoted to questions of production and exchange. 


FRIDAY, AUGUST 5. 
The following Papers were read :-— 


1. Old-age Pensions. By Rev. W. Moore Eps, M.A. 


Pending promised information by Local Government Board, Mr. C. Booth’s 
reduced estimate is that 259 of population over sixty-five apply for relief each 
year, and 30 per cent. who reach sixty-five are paupers before they die. A large 
amount of suffering of the aged not included in these figures. 

The Poor-law refuses all help to those not absolutely destitute. The unskilled 
labourer cannot saye enough to support himself entirely, so bad policy to save 
anything. 

The reform needed is such a change of method as will render it possible for 
everyone to make provision for old age if he will. 

Insurance presents many practical difficulties, of which irregularity of employ- 
ment and cost of working are chief, and would not touch the poorest. 

Mr. Chamberlain’s scheme is right in suggesting that cost of pension should be 
borne to extent of one-half by taxation. 

Endowment, as suggested by Mr. C. Booth, would be too costly, as to give 
everyone over sixty-five 5s. a week would require raising 16,000,000/. extra taxation. 

Everyone does not require such help. ‘To give three who can do without it a 
pension in order to secure that the fourth shall have it on sound principles may be 
logical, but is not practical. 

The reader's suggestion is to combine the principle of Mr. Chamberlain’s scheme 
to the extent of throwing half the burden on taxation with Mr. Booth’s endow- 
ment proposal, and give 2s. 6d. a week to everyone over sixty-five whose income is 
less than, say, 607. per annum. Every man would be left free as to how he found 
his half of the pension. Those who coull do nothing for themselves would be 
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compelled to accept relief in the woikhouse, The cost would not be formidable 
—not more than from 5,000,000/. 

The principle might be extended to all permanently incapacitated from earning 
their living. 

The nation now endows destitution. What is required is that the nation should 
endow thrift. : 


2. The Poor-law: can it be Maintained? By Rev. T. W. Fow tn, WA. 


The Poor-law of 1834 is on its trial, serious humanitarian, political, moral, 
and economic difficulties arising out of it. It was a sharp remedy for evils now 
passed away. Impossibility of altering it upon less stringent lines without destroy- 
ing the scientific basis upon which it stands, and to which it owes its value. 
Hence need and opportunity for a new system. Analogy of educational system 
and of uncommon English methods. 

Proposition to do away with out-relief and co-operate with friendly societies, 
making them responsible with State subvention for the relief of all disabled 
persons being members. Club test instead of house test. Improvement in friendly 
societies much needed, and would follow. 


3. Old-age Pensions and Friendly Societies. 
By Rev. J. Frome Wixtnson, M.A. 


I. Provision for old age through the friendly societies. 
II. Pensions for old age through Poor-law relief. 
TII. State insurance schemes examined, with a special view to their relations to 
friendly societies and Poor-law relief. 
IV. State endowment schemes. 
VY. Conclusion. 


4, The Better Housing of the Wage-earning Classes in Rural Districts. 
By Rev. J. O. Brvan, M.A., F.G.S. 


After a review of the past the writer enlarges upon the tendency of the evils 
of insanitary dwellings to become permanent, and enforces the necessity of taking 
instant and active steps to abate such evils. He touches upon certain requisites in 

-the location and building of a house on right principles, and shows how many of 
these requisites are persistently lacking in ordinary dwellings for the labourers in 
rural districts, whose health is affected, whose morals are vitiated, and whose wage- 
earning capacity is lessened in consequence of the state of things universally prevalent. 
He calculates that six-and-a-half to seven millions of pounds are lost to the labouring 
and artisan class year by year in England in wages by reason of sickness. Further- 
more, he considers the matter in respect of the migration to the towns, which has 
assumed considerable proportions of late years. He goes on to point out what 
may be done by voluntary means and educational effort on the part of landlords, 
medical officers, and clergymen, and proceeds to touch upon the efforts recently 
made by the Legislature to bring the force of law to bear in such wise as to effect a 
useful and healthful reformation, to inaugurate a new period, and to mark a new 
advance alike in national comfort, happiness, and prosperity. 
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SATURDAY, AUGUST 6. 
The following Papers were read :-— 


1. Adam Smith and his Relations to recent Economics. 
_ By L. L. Price, IA. 


There are difficulties in discussing the writings of Adam Smith, and it is not 
easy to say anything new. Some rumours have been recently current of charges 
of plagiarism, but these require special knowledge, if they are to be treated satis- 
factorily, and are easier to advance than refute. It is more agreeable to indicate 
some of the qualities which seem to have given the ‘ Wealth of Nations’ its unique 
place in economic literature. First among these should be ranked its literary 
merits, and these are largely due to the strong motive by which the book is in- 
spired. Adam Smith felt a passion for freedom, which has been ascribed to the 
circumstances of his age, and considered by some critics to be now out of date. But 
the argument for liberty has a perpetual application. Adam Smith appeals to the 
layman as well as the economic expert, and the qualities which attract the one might 
have been supposed to deter the other. But by writers of almost every school in 
England he has been regarded as the parent of modern economics. In the genera- 
tion after him Malthus and Ricardo, differing on method, agreed in owning his 
teaching. At a later time representatives of the historical school, like Cliffe Leslie, 
have highly esteemed him, and considered him an employer of the inductive 
method ; and Professor Marshall has traced back to him the beginnings of the 
theory of measurable motives, and regarded him as largely deductive. Nor is it 
merely the central theory of value which may be found in germ in the ‘ Wealth of 
Nations’; butit is surprising to find how close Adam Smith is to the latest results 
of inquiry on the laws governing the distribution of wealth—on wages, on profits, 
and even on rent. His exposition of free trade has been subjected to much able 
criticism on various grounds, but he seized hold of the most important and endur- 
ing arguments. His insistance on the true character and real functions of money is 
a touchstone to which there are few protectionist arguments that can be brought 
without destructive results to their validity. 


2. The Effects of Consumption of Wealth on Distribution. By Wittam 
Smart, M.A., Lecturer on Political Economy in Queen Margaret College, 
Glasgow. 


The most pressing question of economics is that of distribution. Its most 
hopeful solution seems to be in the direction of distribution aceording to product, 
as likely to give an equal rational basis for all kinds of income. Our recognition 
of the current want of proportion between income and wealth produced is due 
mostly to Socialist theory ; but as this founds it on a superficial theory of value, 
we have to find another basis for its quite just conclusions, The first problem 
stated, How is the contribution of each factor to product to be measured, consider- 
ing that what has to be distributed is not product but value of product? But 
another problem concerns, not the sharing, but the total value to be shared :— 
1. Value is not in the producer’s hand; while production is going on value is 
changing. Is it desirable that the wage earner should follow the change? 2, In 
virtue of the progress of invention and organisation the last comer sets the pace for 
his trade, reduces prices, and yet maintains wage. If reduced prices sweep away 
the remuneration of those whose capital is fixed, how can the worker continue to 
be paid the former wage ? 

These difficulties suggest, however, that distribution is not altogether dependent 
on income received, but on the uses to which incomes are put. Consumption of 
wealth, theoretically in our hands, practically is dictated by the merchant; the 
importance of this as regards the disposition of social wealth; the true meaning of 
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consumption as taking wealth out of the world; its six categories, showing how 
various are the eflects on social possibilities; the place of services in consumption. 
Conclusions :—(1) as to the culpability of luxury; (2) as to the desirableness of 
non-consuming ; (3) as to wise consumption. 


3. On Copyright and Patents. By Ropert A. Macriz. 


In the first the writer contends for some valuation by a competent responsible 
board or referees of the work to be privileged, and a regulation of the remunera- 
tion receivable therefrom in the interests of the public, iter alia favouring the 
royalty system of rewarding authors. He is of opinion that the working classes 
are wronged, and public interests injuriously affected, by the forty-two years of 
absolute monopoly assured under the present law. 

As to the second, patents for inventions, the writer contrasts the present with 
the originally prevalent ideas on the subject of inventions and the remuneration of 
first inventors. He would have the value of novelties estimated, and exclusive 
privileges granted with more circumspection and with due regard to the necessity 
of using the inventions of different minds in combination, and to the inconsistency 
of nakedly exposing British manufacturers to only superficially equal competition 
with their rivals abroad, even the exactions of patentees forming a burden which 
acts as a favour to foreigners who carry on their business in places such as Holland, 
where there are no burdens of the kind to be borne. 


MONDAY, AUGUST 8. 
The following Papers were read :— 


1. The Continuance of the Supply of Wheat from the United States with 
Profit to the Western Farmers. By Epwarp Atkinson, Ph.D., LL.D. 


In 1870 and 1878 the price of wheat in Mark Lane averaged a fraction above 
54s. per quarter. 

Such have been the reductions in the cost of producing wheat in the Western 
States, 1,200 to 1,500 miles from the seaboard, that the farmer now derives as good 
a return for his capital and labour at 32s. per quarter, or less, as he did in the 
former period at 54s. 

The application of the self-binder to the reaper in 1876 removed the only sub- 
stantial limit to the production of wheat in the United States except the price, as 
the area now occupied in its production is only 2 per cent. of the area of the 
country, omitting Alaska. 

The Western farmers of the United States have thriven in the face of declining 
prices and advancing wages; they are not heavily burdened with mortgages, and 
are creditors rather than debtors. 

Official proofs cited in the relation to six typical States, proving that while 
more than half the farms are free from mortgage, the total incumbrance is less than 
25 per cent. on the assessed value of all farms. 

The purpose of these investigations is their bearing upon the silver question ; 
this matter is elucidated and the present aspect of that question is stated. 


2. The Agricultural Position in the United Kingdom. 
By Professor R. WatLace. 
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3. Legislation in America and Hlsewhere on behalf of Destitute and Neglected 
Children. By Rosa M. Barrarv. 


The object of this paper is to show what great advances almost every country, 
except England, has made in. recent years with regard to legislation on behalf of 
neglected children. 

The Chamber of Deputies in France has under consideration very wide-reaching 
proposals on this subject, of which a part became law in July 1889, Under this 
law certain associations, or assistance publique, or private individuals may be 
appointed guardians of children under sixteen years of ave—(a) if the parents from 
destitution or other causes voluntarily give them up; (4) of those children whose 
parents are legally deprived of their control through being criminals or habitual 
drunkards. 

As to America. The laws of Michigan as they concern neglected children have 
been so successful that they have been copied, with but slight differences in detail, 
by the States of Wisconsin, Minnesota, and Rhode Island. By these laws any ill- 
treated child under the age of sixteen may be removed from its parents and placed 
under the protection of public authority. New York, Massachusetts, Maryland, 
Connecticut, Indiana, California, Colorado, Illinois, and Ontario partially, have also 
most stringent laws as to neglected children ; in most cases the Governments give 
erants in aid of efforts to rescue them. 

In Italy and Germany also great efforts are now being made to consolidate 
charitable efforts on behalf of the poor, and to give increased authority and power 
and State aid to such workers. 

Voluntary charitable efforts in order effectually to check the increase of pauper- 
ism and crime must have Government aid and protection. 


4, A Plea for the Study of Railway Economics. DBy W. M. Acworts. 


Railway economics is a recognised subject of instruction with a large literature 
of its own (see ‘Economic Journal’ for June for list) in other countries. Here 
the study is non-existent. And yet railways deserve study, both from their pre- 
eminent financial importance, from the fact that the transportation industry lies at 
the base of all other industries, and from the extreme difficulty of the problems 
involved. The position of English railway statistics is at present simply dis- 
creditable, and, in the absence of information, the subject has become a happy 
hunting-ground for the crotchet-monger, and England, which invented railways, 
has dropped out of sight among the railway experts of the world; is, for instance, 
practically ignored at the International Railway Congress now meeting at St. 
Petersburg. Three subjects of immediate practical importance are suggested as 
requiring special study :— 

1. The reduction of passenger fares begun in Hungary, extended to Austria, 
Holland, France, and expected in Germany ere long. How far does this afford a 
precedent for England? Reasons are suggested for thinking that Ireland might 
with great advantage copy the Hungarian example, while in Great Britain such a 
course is out of the question. 

2. The question of goods rates is commonly understood to have been finally 
settled last session; but there is reason to believe, ov the contrary, that it is only 
just beginning. There is great need for the guidance of trained economists with 
no personal interest to serve. 

3. The construction of new railways, which are urgently needed, has been 


practically put a stop to by the extravagant standard of construction and working ~ 


demanded by English public opinion. On the other hand, cheap railways are 
making very rapid progress in Holland, Belgium, Italy, and elsewhere, and accord- 
ing to the testimony of the Prussian Minister of Commerce, given on moving the 
third reading of a Light Railway Bill for Prussia, they have proved of inestimable 
value to those countries. Is it not possible that we in this country had better 
have inferior railways in remote districts rather than none at all P 


. - 


TRANSACTIONS OF SECTION F. 843 


TUESDAY, AUGUST 9. 
The following Papers and Report were read :-— 


1. Illegitimacy in Banffshire. By Wu. Cramonn, A.M., LL.D. 


I. Maps, diagrams, and tables exhibited to show the relative position of 
Banffshire for the last five years (1887-91): Banffshire, 14°8 per cent. of ille- 
gitimacy; Shetland, 3-9; Midlothian, 7:5; Wigtown, 166. Percentage of ille- 
gitimate births to total births in Scotland for the last thirty-four years, 8 per cent. ; 
Banffshire, 16 per cent. Since 1858 Banftshire has had the highest percentage in 
Scotland thirteen times ; Wigtown, fifteen times. Distribution of the population 
and other county statistics. 

II. Registration districts of the county classified according to percentage of 
illegitimacy for period 1858-91 (inclusive). One district—Seatield, 7 per cent.— 
is below the average for Scotland ; all the other twenty-three districts are above. 
flighest, Kirkmichael with 24 per cent. Seven of the eight lowest districts are 
seaboard parishes with a fishing population. The twelve districts with the highest 
percentages are all purely rural. 

Table showing in parallel columns for each of the twenty years, 1872-91, the 
percentage of illegitimacy in Scotland, Bauffshire, Seafield, Marnoch, and New 
Byth. New Byth is believed to have the highest percentage in the three kingdoms. 
It reached 42 per cent. in 1889 (86 legitimate births, 26 illegitimate). 

Table showing percentage of each registration district in the county for the 
five years, 1882-86, and for the five years 1887-91. Result: all town districts 
show improvement, purely rural districts, as a rule, getting worse. Comparative 
statistics of births, deaths, and marriages for twenty years in a district with a very 
low percentage (Seafield) and in a district with a very high percentage (Marnoch). 

If. Tables showing the occupations of fathers of illegitimate children—they 
are mainly farm servants. ‘ Although the agricultural class does not number one- 
half of the community by some 1,800 persons, it contributes almost double the 
number of illegitimate births that all other classes of the community taken to- 
gether contribute.’ 

Tables showing the occupations of mothers. Average number of legitimate 
births in the county for seven years, 1,655; of illegitimate, 319. Of these 319 the 
mothers of 262 were domestic or farm servants. 

IV. The causes are not (1) Want of education ; (2) poverty or pauperism ; 
(3) excess of female life; (4) one-room houses; (5) race; (6) religion; (7) 
heredity, &c. Proofs of these assertions. 

VY. Analysis of 200 opinions given by representative persons in the county as 
to the causes. The one main cause is want of dwelling-house accommodation on 
farms for married servants and for servants inclined to marry. 

VI. Remedy.—Provide cottages proportionate to size of farms, granting com- 
pulsory powers to county councils. Table showing illegitimacy was much less 
in the early part of this century, prior to the system of joining farm to farm and 
demolishing cottages. 


2. Tuzation of Building Land. Dy Marx Davinson. 


The subject of the paper is taxation of building land. It deals with three pro- 
posals: (1) the taxation of ground-rents, (2) assessment of unoccupied land 
capable of yielding ground-rent, and (3) acquisition by the community of the 
unearned increment of land. The chief question of economic interest concerning 
the first is whether, according to the present system of rating, ground-rents are 
taxed for local purposes or not, for no problem is to be met with in regard to the 
levying or incidence of such an impost. The question is one of assessment, and, 
according to the method of assessment adopted, rent of ground already pays rates 
equally with rent of houses. To tax it additionally would be to alter the principle 
on which rating proceeds, and would tax lands of identical values at different rates. 
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On the other hand, the second proposal is in keeping with the system of local 
rating adopted, for vacant land, being excepted from rating, is treated differently 
from other real property. The third proposal is the most complex; because it is 
not a matter of taxation, but of the acquisition of property, and the difficulty of 
the problem consists in the fact that it is desired to appropriate real property 
without assuming the right to administer it: The unearned increment is an 
additional value given to land by a certain increase in the demand for it; and the 
increased demand is caused by certain pecuniary advantages which settlement on 
the land conveys. In so far, therefore, as the community which causes the demand 
acquires the unearned increment accruing therefrom, the consequence will be that 
that community will acquire the advantage over others which formerly augmented 
the rental paid. The actual economic result, however, is probably indeterminate. 
In conclusion, the author discusses the possible method whereby the unearned 
increment could in practice be absorbed by the community. 


3. Report on the Teaching of Scierce in Elementary Schools. 
See Reports, p. 368. 


4, The Methods of Industrial Remuneration.' 
By Davip F. Scutoss, MA., 8.C.L. 


An employee engaged on ¢ime-wage sells to his employer the labour performed 
within a given period, irrespective of the amount of this labour; if on task-wage, 
he sells the labour performed within a given period, undertaking to produce within 
that period a specified output; if on prece-wage, he sells a specified amount of 
labour (the amount necessary for the production of a specified output), irrespective 
ef the period within which this labour is performed. [Note that all forms of the 
wage-system, whether express and primary reference be made to a time-basis or a 
result-basis, are alike in effect based on a more or less definite standard of remu- 
neration, t.e., a fixed ratio betweer time, output, and pay, the price per unit of 
exertion tending to be the same, under whichever method the operative be 
employed.| There is also the special method of progressive wages, under which 
the employee, if his labour exhibits a specified degree of efficiency, obtains in 
addition to his fixed or minimum time-wage or piece-wage a premium. 

Wages, if paid in respect of the labour performed by a man working ‘single- 
handed’ are individual wages; if paid in respect of the joint labour of a group, 
collective wages. In addition to collective task-wage, collective piece-wage, and 
collective progressive wages we find the method of contract work, under which 
the lump sum paid as the price of the work done by the group is apportioned by, 
first, deducting the time-wages of its subordinate members, and then paying to the 
leading member or members out of the balance a piece-work remuneration varying 
in amount inversely with the sum of these time-wages, and directly with the speed 
maintained by the group; and the method of co-operative work, distinguished 
from all other forms of collective wages by the fact that the price of the work is 
apportioned, not by the employer, but by the members of the group themselves. 

Payment by results, whether piece-wage or progressive wages, applied to the 
remuneration of the foreman or leader of a group sometimes induces a severity of 
supervision objected to by the working-classes, who stigmatise as ‘the sweating 
system’ many (though not all) cases in which workpeople, instead of being 
employed under a time-wage foreman, are employed under a foreman or other 
superintendent paid by results, or work under a ‘ sub-contractor,’ z.e., a subordinate 
employer. 

Under product-sharing, a system falling into desuetude, the employee is 
remunerated by a share in the output or its value either in lieu of, or in addition 
to, wages. Under the semi-co-operative method of profit-sharing the employee 


? The paper is published in Charity Organisation Review, October-November 
1892, 
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receives in partial remuneration of his labour and in addition to his ordinary wages 
a share fixed beforehand in the profits realised by his employer. Under industrial 
co-operation the workers are their own employers, their remuneration consisting, 
not in wages, but in the entire earnings of the business divided in agreed propor- 
tions. Profit-sharing is applicable only in a restricted, co-operation in a very 
narrow range of cases. But the object of co-operation—the just distribution of 
the product of industry—may be attained under the non-co-operative wage-system 
to an extent greater than is frequently supposed. 


5. The Criminal and the Habitual Offender from an Economic, Statistical, 
and Social Standpoint. By J. F. Surnertand, M.D. (Edin) 


The author sets forth 7m evtenso, for the first time so far as he is aware, am 
analysis of the criminal returns, with the object of proving how, under a system of 
procedure which should have been condemned long ago as antiquated and hurtful, 
a large and increasing number of offenders (habitual)—for the most part idlers and 
drunkards—thrive in an industrious community, and not only so, but the ineffec- 
tual attempts to reform the individual, ard to make him or her nolens aut volens 
a contributor to the national wealth and prosperity, are made at enormous cost 
from funds provided by the industrious members of society. 

The annual bill which the nation pays without murmur for the repression of 
crime falls little short of 8,000,000/., and the results so far as the ‘ habitual’ is 
concerned are simply nil. Nay, more, it can be demonstrated that there is every 
encouragement to continue idle and debauched. 

It will be observed that the number of apprehensions, &c., by the police in the 
United Kingdom and Ireland for offences against the laws which society from time 
to time has framed for its protection number over a million (1,148,190), or 1 to 
33 of the population ; England contributing 755,740, or 1 to 39 of the population ; 
Scotland 151,480, or 1 to 26 of the population ; and Ireland 240,970, or 1 to 19. 
This is a black record, but in truth things are not so bad as they look. These 
enormous totals, be it understood, do not represent so many units of the population 
who have by choice or by force of circumstances gone under in the struggle. Far 
from it. What investigation shows is this, that under the system one individual 
or unit is responsible for as many as five, ten, twenty, forty, and fifty apprehensions 
in the course of a single year. These are the non-producing units whom the 
writer desires to see deprived of the liberties and opportunities which permit them, 
without let or hindrance, not merely to offend against a code of decency and 
morality, but to live lives of idleness at the expense of the industrious taxpayer. 

After the million and odd have been examined and sifted they dwindle down 
to less than a fourth of their original proportions, and these 255,314 have to be 
looked for and found within the prisons of the country: 157,000 persons are 
responsible for the 255,314 commitments to prison. Of these the really worthless 
and idle are few. They are made up of 12,380 felons, &c., and 10,100 habitual 
(petty) offenders. 

In the community there are four well-defined specimens of the hostes humant 
generis, First, the genuine criminal or felon who is only responsible for 2 per cent. 
of the entire apprehensions, and 36,650 of the same genus at large; second, the 
‘casual’ offender, 100,000 or thereby in number. As a rule, the ‘casual’ is an 
industrious and productive member of the commonwealth, but occasionally com- 
mits follies which bring him or her within the grasp of the law. Third, the 
‘habituals,’ 10,100 in number, Scotland’s share being 1,500. These neither toil 
nor spin, have no settled abode, live among the worst environments, sanitary and 
otherwise. This is the class fully matured for seclusion from society, upon whose. 
resources they are a constant and heavy drain. 

1. Are the results commensurate with the cost ? 

2. Is there a better and more economic way ? 

8. Gan the idle be made industrious, the debauched sober, and the common- 


wealth benefited ? 
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The writer puts forward the following remedial proposals :— 

1. In the first group, the Felon, &c., the author has no specific to recommend. 
Compulsory national education, sanitary reform, elevating influences, prison reform, 
and reform of criminal procedure have done much for this class. 

The figures having reference to the petty offenders present disquieting elements. 
For years there has heen such a steady increase as to suggest the inquiry now 
made. 

2. The ‘Casuals.’ 

3. The ‘Habituals.’ After six convictions for the offences specified within 
twelve months or less period, or twenty extending over any period, the ‘repeater’ 
should be declared an ‘habitual,’ and should be removed from society for an 
indefinite period, and placed in a retreat. 

Among the ‘ Habituals’ there are three pronounced types requiring differentiation 
in treatment, 

For the worst class, made up of the refractory and incorrigible, there is ample 
room in some of the all but unutilised poor-houses up and down the country, cr 
in a prison or part of a prison set aside for the purpose. In twenty workhouses, 
with accommodation for 3,340 inmates, only 893, or 26 per cent., can be found to 
occupy places, and in other three, with 1,186 places, 568, or 48 per cent. 

4, The ‘Intermediates.’ Cumulative and progressive penalties as sketched in 


paper. 
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Section G.—MECHANICAL SCIENCE. 


PRESIDENT OF THE SEcTION—Professor W. CawrHorne Unwiy, F.R.S., 
M.Inst.C.E. 


THURSDAY, AUGUST 4. 
The Presiprnr delivered the following Address :— 


By what process selection is made of a Sectional President of the British Associa- 
tion is to me unknown. I may confess that it was pleasant to receive the request 
of the Council to preside at the meetings of Section G, even though much of the 
pleasure was due to its unexpectedness. I ventured to believe I might accept 
the honour gratefully, trusting to your kindness to assist me in fulfilling its 
obligations. Amongst engineers there are many with greater claims than I have 
to such a position, and who could speak to you from a wider practical experience. 
Here, in Section G, I think it may be claimed that the profession of engineering 
owes much to some who from circumstances or natural bias have concerned them- 
selves more with those scientific studies and experimental researches which are 
useful to the engineer than with the actual carrying on of engineering operations. 
Here, at so short a distance from the University where Rankine and James 
Thomson laboured, I may venture to feel proud cf being amongst those whose 
business it has been rather to investigate problems than to execute works. 

The year just passed is not one unmemorable in the annals of engineering. 
By an effort remarkable for its rapidity, and as an example of organisation of 
labour, the broad gauge system has been extinguished. It has disappeared like 
some prehistoric mammoth, a large-limbed organism, perfect for its purpose and 
created in a generous mood, but conquered in the struggle for existence by smaller 
but more active rivals. If we recognise that the great controversy of fifty years 
ago has at last been decided against Brunel, at least we ought to remember that 
the broad gauge system was one only of many original experiments, due to his 
genius and courage, experiments in every field of engineering, in bridge building, 
in locomotive design, in ship construction, the successes and failures of which 
have alike enlarged the knowledge of engineers and helped the progress of 
engineering. 

The past year has seen the completion of the magnificent scheme of water 
supply for Liverpool, from the Vyrnwy, carried out from 1879 to 1885 by 
Mr. Hawksley and Mr. Deacon, and since then completed under the direction of 
the latter engineer. This is one of the largest and most striking of those works of 
municipal engineering, rendered necessary by the growth of great city communities, 
and made possible by their wealth and public spirit. For the supply of water to 
Liverpool the largest artificial lake in Europe has been created in Mid-Wales by 
the construction across a mountain valley of a dam of cyclopean masonry, itself 
one of the most remarkable masonry works in the world. The lake contains an 
available supply of over 12,000 million gallons, its size having been determined, 
not only to supply forty million gallons daily for the increasing demand of 
Liverpool, but also to meet the necessity imposed by Parlisment that an unpre- 


848 REPORT —1892. 


cedentedly large compensation, amounting to ten million gallons daily and fifty 
million gallons additional on thirty-two days yearly, should be afforded to the 
Severn. The masonry dam, though a little less in height than some of the French 
dams, is of greater length. It is nearly double the length of the great dam at 
Verviers! Although masonry dams were an old expedient of engineers, it is in 
quite recent times, and chiefly in consequence of the scientific investigations of 
French engineers, that they have been revived in engineering practice. Since the 
construction of the Vyrnwy dam another very large dam, the Tansa dam, has 
been completed in Bombay. This dam has a length of two miles and a height of 
118 feet, and it is 100 feet thick at the base. The reservoir will supply 100 million 
gallons per day. In the United States a still greater work of the same kind has 
been commenced on the Croton River in connection with the water supply of New 
York. This dam will have a length of 2,000 feet and a height of 285 feet. Its 
greatest thickness will be 215 feet. It will be very much the boldest work of its kind. 

Returning to the Liverpool supply, the water taken from the lake at the most 
suitable level into a straining tower provided with very complete hydraulic 
machinery passes through the Hirnant tunnel, and thence by an aqueduct, partly 
consisting of rock tunnels, partly of pipes 39 in. to 42 in. in diameter, sixty-eight 
miles in length, being the longest aqueduct yet constructed. The crossing of the 
Mersey by an aqueduct tunnel has proved the greatest engineering difficulty to be 
surmounted. The tunnel has been carried through layers of running sand, gravel, 
and silt. At first slow progress was made, but later, by the adoption of the 
Greathead system of shield, with air locks and air-compressing machinery, as much 
as fifty-seven feet of tunnel were driven and lined in one week. The whole work 
is now complete, and Liverpool has available an extra supply of very pure water, 
amounting to forty million gallons daily. 

A scheme of water supply for Manchester from Lake Thirlmere in Westmore- 
land, on an equally large scale, is approaching completion. Birmingham is likely 
to carry out another work of the same kind. And London, at a greater distance 
from pure water sources and under greater difficulties from the complexity of 
existing interests, has come to realise that, within fifty years, a population of 
124 millions will probably have to be provided for. To supply such a population 
a volume of water is required ten times as great as the whole available supply from 
Lake Vyrnwy. 

Here in Edinburgh one remembers that the birthplace of the steam-engine is 
near at hand. A century and a quarter ago James Watt made an invention 
which has profoundly influenced all the conditions of social, national, commercial, 
and industrial life. It is due to the steam-engine more than to any other single 
cause that the population in this country has tripled since the beginning of the 
century, and that we have become dependent on steam-power for fuel, for transport, 
for manufactures, in many cases for water supply, for sanitation, and for artificial 
light. From some German statistics it appears that there are probably now in the 
world, employed in industry, steam-engines exerting forty-nine million horse- 
power, besides locomotives exerting six million horse-power. Engines in steam- 
ships are not included. The steam-engine has become a potent factor in civilisation, 
because it places at our disposal mechanical energy at a sufficiently low cost, 
and the efforts of engineers have been steadily directed to diminishing the 
cost at which steam-power is produced. Members of one great branch of our 
profession are much concerned in the production of mechanical energy at a 
sufficiently cheap rate. They require it in very large quantity for transformation 
into light and for re-transformation into mechanical energy under conditions more 
convenient than the direct use of steam-power. Perhaps it will not be in- 
appropriate if, in Section G, I first discuss briefly some of the causes which have 
made the steam-engine inefficient, and the extent to which we are getting toa 
scientific knowledge of the methods of evading them. I propose, then, to consider 
some of the methods of economising the cost and increasing the convenience of 


1 The length of the dam from rock to rock is 1,172 feet. Height from lowest part 
of foundation to parapet of carriage way, 161 feet. Height from bed of river to 
overflow sill, 84 feet. Thickness of masonry at base, 120 feet. 
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mechanical power by generating it at central stations and distributing it, and, 
lastly, how far means of transporting energy are likely to make available cheaper 
sources of energy than steam-power. 

Let us go back for a moment to James Watt. The most distinct feature about 
the invention of the steam-engine is that it arose out of studies of such ques- 
tions as the relation of pressure and temperature of steam, the heat absorbed 
in producing it, and its volume at different pressures. 

Armed with this knowledge, Watt was able to determine that the quantity of 
steam used in a model atmospheric engine was enormously greater than that due 
to the volume described by the piston. There was waste or loss. To discover the 
Joss was to get on the path of finding a remedy. ‘The separate condenser, by 
diminishing cylinder condensation, annulled a great part of the loss. So great was 
Watt's insight into the action of the engine that he was able to leave it so perfect 
that, except in one respect, little remained for succeeding engine builders, except to 
perfect the machines for its manufacture, to improve its details, and to adapt it to 
new purposes. Now it very early became clear that there were two directions of 
advance which ought to secure greater economy. Simple mechanical indications 
showed that increased expansion ought to insure increased economy. Thermodynamic 
considerations indicated that higher pressures, involving a greater temperature range 
of working, ought to secure greater economy. But in attempting to advance in either 
of these directions, engineers were more or less disappointed, Some of Watt’s engines 
worked with 5 lb, of coal per indicated horse-power per hour. Many engines with 
greater pressures and longer expansions have done but little better. The history of 
steam-engine improvement for a quarter of a century has been an attempt to secure 
the advantages of high pressures and high ratios of expansion. The difficulty to be 
overcome has proved to be due to the same cause as the inefficiency of Watt's 
model engine. The separate condenser diminished, but it did not annul the action 
of the cylinder wall. The first experiments which really startled thoughtful steam 
engineers were those made by Mr. Isherwood between 1860 and 1865. Mr. 
Isherwood showed that in engines such as those then in use in the United States 
Navy, with the large cylinders and low speeds then prevalent, any expansion of 
the steam beyond three times led, not to an increased economy, but to an increased 
consumption of steam. Very little later than this M. Hirn undertook, in 1871-5, his 
classical researches on the action of the steam in an engine of about 150 indicated 
horse-power. Experiments of greater accuracy or completeness, or of greater insight 
into the conditions which were important, have never since been made, and Hirn with 
his assistants, MM. Hallaner and Dwelshauvers Dery, has determined, once for all, 
the whole method of a perfect steam-engine trial. M..Hirn was the first to clearly 
realise that the indicator gives the means of determining the steam present in the 
cylinder during every period of the cycle of the engine. Consequently, superheating 
in ordinary cases being out of the question, we have the means of determining the 
heat present and the heat already converted into work. The heat delivered into 
the engine is known from boiler measurements, combined with calorimetric tests of 
the quality of the steam, tests which Hirn was the first to undertake. The balance 
or heat unaccounted for is, then, a waste or loss due to causes which have to be 
investigated. Hirn originated a complete method of analysis of an engine test, 
showing at every stage of the operation the heat accounted for and a balance of 
heat unaccounted for ; and the latter proved to be a very considerable quantity. 

Meanwhile theoretical writers, especially Rankine and Clausius, had been per- 
fecting a thermodynamic theory of the steam-engine, based primarily on the 
remarkable and irrefragable principle of Carnot. The result of Hirn’s analysis was 
to show that these theories, applied to the actual steam-engine, were liable to lead 
to errors of 50 or 60 per cent., the single false assumption made being that the 
interaction between the walls of the cylinder and the steam was an action small 
enough to be negligeable. 

In this country Mr. Mair Rumley, following Hirn’s method, made a series of 
experiments on actual engines with great care and accuracy and completeness. All 
these experiments demonstrated the tact of a large initial condensation of steam on 
the walls of the cylinder, alike in jacketed and unjacketed engines, This con- 
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densed steam is re-evaporated partially during expansion, but mainly during 
exhaust, and serves as a mere carrier of heat from boiler to condenser, in conditions 
not permitting its utilisation in producing work. 

It became clear from Hirn’s experiments, if not from the earlier experiments of 
Isherwood, that for each engine there is a particular ratio of expansion for which 
the steam expenditure per horse-power is least. Professor Dery has since deduced 
from them that the practical condition of securing the greatest efficiency is that 
the steam at release should be nearly dry. In producing that dryness the jacket 
has an important influence. In spite of much controversy amongst practical 
engineers about the use of the jacket, it does not appear that any trustworthy 
experiment has yet been adduced in which there was an actual loss of efficiency 
due to the jacket. In the older type of comparatively slow engines it is a rule 
that the greater the jacket condensation, the greater the economy of steam, even 
when the jacket condensation approaches 20 per cent. of all the steam used. It 
appears, however, that as the speed of the engine increases, the influence of the 
jacket diminishes, so that for any engine there is a limit of speed at which the 
value of the jacket becomes insignificant. 

Among steam-engine experiments directed specifically to determine the action 
of the cylinder walls, those of the late Mr. Willans should be specially mentioned. 
Mr. Willans’ death is to be deplored as a serious loss to the engineering profession. 
His steam-engine experiments, some of them not yet published, are models of what 
careful experiments should be. They are graduated experiments designed to indi- 
cate the effect of changes in each of the practically variable conditions of working. 
They showed a much greater variation of steam consumption (from 46 to 18 Ib. 
per indicated horse-power hour) in different conditions of working than, I think, most 
practical engineers suspected, and this has been made more significant in later experi- 
ments, 0n engines working with less than full load. The first series showed that in 
full-load trials the compound was superior to the simple engine in practically all 
the conditions tried, but that the triple was superior to the compound only when 
certain limits of pressure and speed were passed. 

As early as 1878 Prof. Cotterill had shown that the action of a cylinder wall 
was essentially equivalent to that of a very thin metallic plate, following the tem- 
perature of the steam, the exceedingly rapid dissipation of heat from the surface 
during exhaust especially being due to the evaporation of a film of water initially 
condensed on its surface. In permanent végime the heat received in admission 
must be equal to that lost after cut off. In certain conditions it appeared that a 
tendency would arise to accumulate water on the cylinder surfaces, with the effect 
of increasing in certain cases the energy of heat dissipation. Recently Prof. Cot- 
terill has been able to carry much further the analysis of the complex action of 
condensation and re-evaporation in the cylinder, and to discriminate in some degree 
between the action of the metal and the more ambiguous action of the water film. 
By discarding the less important actions, Prof. Cotterill has found it possible 
to state a semi-empirical formula for cylinder condensation in certain restricted 
cases, which very closely agrees with experiments on a wide variety of engines. It 
is to be hoped that, with the data now accumulating, a considerable practical 
advance may be made in the clearing up of this complex subject. There are, no 
doubt, some people who are in the habit of depreciating quantitative investigations 
of this kind. They are as wise as if they recommended a manufacturer to carry 
on his business without attending to his account books. Further, the attempt to 
obtain any clear guidance from experiments on steam-engines has proved a hopeless 
failure without help from the most careful scientific analysis. There is not a 
fundamental practical question about the thermal action of the steam-engiue, 
neither the action of jackets or of expansion or of multiple cylinders, as to which 
contradictory results have not been arrived at, by persons attempting to deduce 
results from the mass of engine tests without any clear scientific knowledge of the 
conditions which have affected particular results. In complex questions funda- 
mental principles are essential in disentangling the results. Interpreted by what 


is alrexdy known of thermodynamic actions, there are very few trustworthy engine ; 
tests which do not fall into a perfectly intelligible order, There is only one known ; 
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method, not now much used, by which the cylinder condensation can be directly 
combated. Thirty years ago superheating the steam was adopted with very con- 
siderable increase of economy. It is likely that it was thought by the inventor of 
superheating that an advantage would be gained by increasing the temperature 
range. Ifso, his theory was probably a mistaken one. For the cooling action of the 
cylinder is so great that the steam is reduced to saturation temperature before it 
has time to do work; but the economy due to superheating was unquestionable, 
and was very remarkable considering how small a quantity of heat is involved in 
superheating. The heat appears to diminish the cylinder wall action so much as 
almost to render a jacket unnecessary. The plan of superheating was abandoned 
from purely practical objections, the superheaters then constructed being dangerous. 
Recently superheating has been tried again at Mulhouse by M. Meunier, and his 
experiments are interesting because they are at higher pressures than in the older 
trials and with a compound engine. It appears that even when the superheater 
was heated by a separate fire there was an economy of steam of 25 to 30 per cent. 
and an economy of fuel of 20 to 25 per cent., and four boilers with superheating 
were as efficient as five without it. 

It may be pointed out as a point of some practical importance that if a 
trustworthy method of superheating could be found, the advantage of the triple 
over the compound engine would be much diminished. For marine purposes the 
triple engine is perfectly adapted. But for other purposes it is more costly than 
the compound engine, and it is less easily arranged to work efficiently with a 
varying load. 

There does not seem much prospect of exceeding the efficiency attained already 
in the best engines, though but few engines are really as efficient as they might be, 
and there are still plenty of engines so designed that they are exceedingly unecono- 
micel. The very best engines use only from 12 to 13 lb. of steam per indicated 
horse-power hour, having an absolute efficiency reckoned on the indicated power 
of 16 per cent., or, reckoned on the effective power, 13 per cent. The efficiency, 
including the loss in the boiler, is only about 9 per cent. But there are internal 
furnace engines of the gas-engine or oil-engine type in which the thermal efficiency 
is double this. 

In his interesting address to this Section in 1878, Mr. Easton expressed the 
opinion that the question of water-power was one deserving more consideration 
than it had lately received, and he pointed to the variation of volume of flow 
of streams as the principal objection to their larger utilisation. Since that time 
the progress made in systems of transporting and distributing power has given 
quite a new importance to the question of the utilisation of water-power. There 
seems to be a probability that in many localities water-power will, before long, be 
used on a quite unprecedented scale, and under conditions involving so great 
convenience and economy that it may involve a quite sensible movement of 
manufacturers towards districts where water-power is available. 

If we go back to a period not very distant in the history of the world, to the 
middle of the last century, we reach the time when textile manufactures began to 
pass from the condition of purely domestic industries to that of a factory ‘system. 
The fly-shuttle was introduced in 1750, the spinning-jenny was invented in 1767, 
and Crompton’s machine only began to be generally used in 1787. It was soon 
found that the new machines were most suitably driven by a rotary motion, and 
after some attempts to drive them by horses, water-power was generally resorted 
to. In an interesting pamphlet on the Rise of the Cotton Trade, by Jobn 
Kennedy, of Ardwick Hall, written in 1815, it is pointed out that the necessity 
of locating the mills where water-power was available had the disadvantages 
of taking them away from the places where skilled workmen were found, and 
from the markets for the manufactured goods. Nevertheless, Mr. Kennedy states 
that for some time after Arkwright’s first mill was built at Cromford all the 
principal mills were erected near river falls, no other power than water-power 
having been found practically useful. ‘About 1790, says Mr. Kennedy, ‘Mr. 
Watt's steam-engine began to be understood, and waterfalls became of less value. 
Instead of carrying the workpeople to the power, it was found preferable to place 
the power amongst the people.’ 
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The whole tendency of the conditions created by the use of steam-power has 
been to concentrate the industrial population in large communities, and to restrict 
manufacturing operations to large factories. Hconomy in the production of power, 
economy in superintendence, the convenience of the subdivision of labour, and the 
costliness of the machines employed, all favoured the growth of large factories. 
The whole social conditions of manufacturing centres have been profoundly 
influenced by these two conditions—that coal for raising steam can be easily 
brought to any place where it is wanted, and that steam-power is more cheaply 
produced on a large scale than ona small scale. It looks rather, just now, as if) 
facilities for distributing power will to some extent reverse this tendency. 

Let me first point out that water-power, where it is available, is so much 
cheaper and more convenient than steam-power that it has never been quite 
vanquished by steam-power. 

I find, from a report by Mr. Weissenbach, that, in 1876, 70,000 horse-power 
derived from waterfalls were used in manufacturing in Switzerland. According 
to a census in 1880, it appears that the total steam and water power employed in 
manufacturing operations in the United States was 3,400,000 horse-power. Of 
this, 2,185,000 horse-power, or 64 per cent., was derived from steam, and 1,225,000 
horse-power, or 36 per cent., from water. In the manufacture of cotton and 
woollen goods, of paper and of flour, 760,000 horse-power were obtained from 
water, and 515,000 horse-power from steam. If statistics could be obtained 
fyom other countries, I believe it would be found that a very large amount of 
water-power is actually made available. The firm of Escher Wyss & Company, of 
Zurich, have constructed more than 1,800 turbines of an aggregate power of 
111,460 horse-power. 

With a very limited exception all the water-power at present used is employed 
in the neighbourhood of the fall where it is generated. If means were available 
for transporting the power from the site of the fall to localities more convenient for 
manufactures, there can be no doubt that a much larger amount of water-power 
would be used, and the relative importance of water and steam power in some 
countries would probably be reversed. It is because recent developments seem to 
make such a transport of power possible without excessive cost and without 
excessive loss that a most remarkable interest has been excited in the question of 
the utilisation of water-power.. Take the case of Switzerland, for instance. At 
the present time Switzerland is said to pay to other countries 800,0002. annually 
for coal. But the total available water-power of Switzerland is estimated at no 
less than 582,000 horse-power, of which probably only 80,000 are at present 
utilised. 1 found a year ago that nearly every large industrial concern in Switzer- 
land was preparing to make use of water-power, transported a greater or less 
distance. Besides the great schemes actually carried out at Schaffhausen, Belle- 
garde, Geneva, and Zurich, where water-power is already utilised on a very large 
scale, there is a project to develop 10,000 horse-power on the Dranse, near Martigny. 

Hence it is easy to see that problems of distribution of power—that is, the 
transformation of energy into forms easily transportable and easily utilisable—have 
now a great interest for engineers. 

Besides the power required for manufacturing operations, there is a steadily 
Mereasing demand for easily available mechanical energy in large towns. For 
tramways, for lifts, for handling goods, for small industries, for electric lighting, 
and sometimes for sanitation, power is required. Hitherto steam-engines, or more 
lately gas-engines, have been used, placed near the work to be done. But this 
sporadic generation of power is uneconomical and costly, especially when the work 
is intermittent; the cost of superintendence is large, and the risk of accident 
considerable. Hence attention is being directed to systems in which the mechanical 
energy of fuel or falling water is first generated in large central, stations, trans- 
formed into some form in which it is conveniently transportable and capable of 
being rendered available by simpler motors than steam-engines, 

Just as in great towns it has become necessary to supersede private means of 
water supply by a municipal supply ; just as it has proved convenient to distribute 
eoal-gas for lighting and heating, and to provide a common system of sewerage, so 
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it will probably be found convenient to have in all large towns some means of 
obtaining mechanical power in any desired quantity at a price proportionate to the 
quantity used, and in a form in which it can be rendered available, either directly 
or by simple motors requiring but little skilled superintendence. 

Telodynamic Transmission.—First, then, let me say a few words as to modes of 
distributing power which it is possible to adopt. In 1850, at Logelbach in Alsace, 
M. Ferdinand Hirn used a flat steel belt to transmit power directly a distance of 
eighty metres. Subsequently a wire rope was used on grooved pulleys. This 
worked so well that a second transmission to a distance of 240 metres was erected. 
The details of the system were worked out with great care with a view to securing 
the least cost of construction, the least waste of energy, and the greatest durability 
of the ropes. So successful did this system of telodynamic transmission prove that 
within ten years M. Martin Stein, of Mulhouse, had erected 400 transmissions, 
conveying 4,200 horse-power, and covering a distance of 72,000 metres. 

Just at this time a very able and far-seeing manufacturer at Schaffhausen, 
Herr Moser, had formed a project for reviving the failing industries of the town 
by utilising part of the water-power of the Rhine: Hirn’s system of wire rope 
transmission rendered this project practicable. The works were commenced in 
1863. Three turbines of 750 horse-power were erected on a fall which varies 
from 12 to 16 feet, created by a weir across the river. From the turbines the 
power is transmitted by two cables, in one span of 892 feet, across the river. 
Similar cables distribute the power to factories along the river bank. In 1870 
the transmission extended to a distance of 3,400 feet, Power is sold at rates 
varying from 5/. to 6/. per horse-power per annum. In 1887 there were twenty- 
three consumers of power paying a rental of 3,500/. per annum for power. The 
project has been financially successful, and is still working. At Zurich, Freiberg, 
and Bellezarde there are similar installations, and a large scheme of the same 
kind has recently been carried out at Gokak in India. Wire-rope transmissions 
are of great mechanical simplicity, and the loss of power in transmission is exceed- 
ingly small. They are extremely suitable for certain cases where a moderate 
amount of power has to be transmitted a moderate distance to one or to a few 
factories, On the other hand, they become cumbrous if the amount of power 
transmitted exceeds 600 or 1,000 horse-power. The wear of the ropes, which 
only last a year, has proved greater than was expected, and is a source of con- 
siderable expense. 

The practical introduction of a system of distributing power by pressure water 
is due to Lord Armstrong. Such a system involves a central pumping station, a 
series of distributing mains, and suitable working motors. From its first intro- 
duction the peculiar advantages of this system for driving intermittently working 
machines, such as lifts, dock machinery, railway cranes, and hauling gear, became 
obyious. But, with intermittent working machines, there arose the need of an 
appliance for storing energy during periods of minimum demand and restoring it 
in periods of maximum demand. The invention of the accumulator by Lord 
Armstrong made the system of hydraulic transmission a success, and at the same 
time fixed its character as a system specially adapted for those cases where inter- 
mittent work is required to be done. Lord Armstrong’s system of hydraulie 
distribution by water at a pressure of 700 or 800 lb. per square inch, with the use 
of accumulators for equalising the variations of supply and demand, has now been 
widely adopted. The most extensive scheme of that kind hitherto executed is 
the important scheme carried out by the Hydraulic Power Company. Over fifty 
miles of pressure mains have now been laid in the streets of London. The Falcon 
Wharf pumping station contains four sets of compound pumping engines, each of 
200 horse-power. Two additional pumping stations have now been erected, and 
1,500 lifts are worked from the pressure mains. The minimum charge for water 
is 2s. per 1,000 gallons. This rate of charge is economical for such machines as 
lifts, but it would be extravagant for machines working continuously. It would 
be equivalent to a charge of nearly 502. per horse-power per year of 3,000 working 
hours, apart from interest and maintenance of machines. 

J shall indicate later on that in some cases where local conditions are fayour- 
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able, where there is cheap water-power, and the possibility of constructing high- 
level storage reservoirs, then hydraulic transmission can be adopted with success 
for distributing power for ordinary manufacturing purposes. But neither telo- 
dynamic transmission nor hydraulic transmission has proved suitable as methods 
for the general distribution of motive power from central stations. Distribution 
by steam and distribution by heated water have both been tried in the United 
States, but not with very remarkable success, Only two. other methods are 
available—distribution by compressed air and distribution by electricity. 

For many years compressed air has been used to distribute power in tunnelling 
and mining operations to considerable distances, It is only recently that it has 
been used as a general method of distributing power to many consumers. In 
many installations the machinery has been rough and unscientific, and the waste 
of energy very considerable, It is through experience gained and improvements 
carried out in the remarkable system now at work in Paris, and known as the 
Popp system, that the great advantages of compressed air distribution have been 
proved. The Paris system has very gradually developed. About 1870 a small 
compressing station was erected to actuate public and private clocks by intermittent 
pulses of air conveyed along pipes chiefly laid in the sewers. In 1889 about 8,000 
clocks were thus driven. Meanwhile the compressed air had also been applied to 
drive motors for small industries. The demand for power thus supplied grew so 
rapidly that a second compressing station was built in the Rue de Saint Fargean. 
In 1889 steam air compressors of 2,000 horse-power were at work, and additional 
compressors were under construction. The pressure at that time was five atino- 
spheres, and the largest air mains were 12 inches in diameter. Ingenious and 
suaple rotary machines were used as air motors for small powers, and for larger 
powers any ordinary steam-engine was converted into an air motor. Professor 
Kennedy made tests in 1889, which were communicated to this Association. He 
found that a motor four miles from the compressing station indicated 10 horse- 
power for 20 indicated horse-power expended at the compressing station, an efliciency 
of 50 per cent only. There were then 225 motors worked from the air mains. 

Since 1889 more extended investigations have been made by Professor Riedler, 
of Berlin, and the chief part of the waste of work has been traced to inefficiency 
of the air compressors. Compound air compressors of much higher efficiency have 
now been constructed, The plant at the Saint Fargeau station has been increased 
to 4,000 horse-power. A new station has been erected on the Quai de la Gare, 
intended ultimately to contain compressors of 24,000 horse-power. Compressors 
of 10,000 horse-power are already under construction. 

Compressed air transmission, whether or not it is the most economical system, 
is undoubtedly applicable for the distribution of power on a very large scale and 
to very considerable distances. There is nothing in any of the appliances which 
is novel or imperfectly understood. The air is used in the consumer’s premises in 
machinery of well-understood types, and old steam engines can be converted into 
air motors without difficulty and without alteration of existing transmissive 
machinery in the factories, Not least important. the air can be measured with 
accuracy enough for practical purposes by simple meters, and charged for in 
proportion to the power consumed. Air compressors and air motors are not as 
efficient as dynamos and electric motors, but in one respect distribution by air and 
electricity are similar. For distances which are not more than a few miles the loss 
of energy in transmission is small enough to be insignificant. 

There is yet one other mode of power distribution which promises to become 
the most important of all, and which, in the case of transmission to very great 
distances, if such transmission becomes necessary, has undoubtedly great advantages 
over every other method. 

About electrical distribution of power I shall not venture to say much, partly 
because Iam not an electrical expert, partly because it has been lately pretty fully 
discussed. In the United States there has been an enormous development of 
electric tramways, which are essentially cases of electric power distribution. In 
this country we have the South London and some other railways worked electri- 
cally. There are others also on the Continent. But electrical power distribution 
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to private consumers for industrial purposes has not yet made as much progress as 
might have been expected. Perhaps electrical engineers have been so busy with 
problems of electric lighting that they have had no time to settle the correspond- 
ing problems of power distribution. 

No doubt continuous current distribution presents at the moment the fewest 
difficulties, or, at any rate, involves the fewest comparatively untried expedients. 
Several continuous current plants for distributing power are in operation, of which 
perhaps the most interesting is that at Oyonaz, which was described in Section G 
last year by Professor G. Forbes. There 300 horse-power obtained by turbines is 
transmitted 8 kilometres at 1,800 volts. It is thenlet down by motor transformers 
to a voltage suitable for lighting and driving motors. A number of small work- 
shops are driven, the power being supplied at a fixed rent. 

At the Calumet and Hecla mines on Lake Superior, at the Dalmatia mines in 
California, and some other places, energy derived from turbines is transmitted 
distances of a mile or two by continuous electric currents, and used in driving 
mining machinery, and some cases of tie use of electrical distribution in mines in 
this country were mentioned by my predecessor in his Address last year. 

At Bradford a few electric motors are being worked from the electric lighting 
mains. ‘The largest of these is of 20 horse-power. The price at which the elec- 
tricity is supplied is not given, but I believe the cost is high when reckoned for 
continuous working. It would seem that it must be so when the electric current 
is generated by steam-power. 

At Schaffhausen an electric transmission has now been constructed alongside 
of the wire-rope transmission. The power is derived from two turbines, and is 
transmitted across the Rhine, a distance of 750 yards, at 624 volts. The current 
drives a spinning-mill, in which the largest motor is 380 horse-power. The power 
is sold, I believe, at 3/. per horse-power of the motors per annum. 

Many engineers have now apparently come to the conclusion that alternating 
currents will be better for power transmission to considerable distances than con- 
tinuous currents. One interesting alternate current transmission, partly for power, 
partly for lighting purposes, has been for some time in operation at Genoa. 

On the line of the aqueduct bringing water from the Gorzente rivulet three 
electric stations are being established. ‘I'he reservoirs are 2,050 feet above Genoa, 
and as this is a much greater fall than is required for water-supply purposes, part 
can be used to generate about 1,600 horse-power. 

In the first of the power stations erected there are turbines of 450 horse-power 
driving two dynamos. <A second larger station was completed in November. In 
_ this there are eight alternate current dynamos of 70 horse-power each. Six alter- 
nators are worked in series, transmitting a current of 6,000 volts. The current is 
transmitted sixteen miles by bare copper wires, 8°5 mm, diameter, placed overhead. 
The current is used both for lighting and power purposes. 

Another method of using alternating currents was adopted in the remarkable 
experiment at Frankfort last year. In that case energy obtained by turbines at 
Lauffen was transmitted to Frankfort, a distance of 108 miles, and used for 
lighting and driving a motor. The current was obtained at low tension, trans- 
formed up to a tension of 18,000 to 27,000 volts for transmission, and then trans- 
formed down again for distribution. The loss in the conducting wires ranged from 
5 horse-power, when the turbines worked at 100 horse-power, to 25 horse-power, 
when the turbines worked at 200 horse-power. The efficiency of dynamo, two 
transformers, and line ranged from 63 to 75 per cent.—a remarkably satisfactory 
result. 

There can be little doubt that if efficient and durable transformers can be con- 
structed, they do give a considerable advantage to an alternate current system. 
To an ordinary engineer it appears also that the system of producing current at low 
tension in the dynamo, and using it at low tension in the motors, permits the con- 
struction of dynamos and motors more mechanically unexceptionable than those 
working at high voltage. 

I have spoken of the growth of a demand for power distributed in a convenient 
form in towns. The power distribution in London, Manchester, Birmingham, 
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and Liverpool by pressure water, and that by compressed air in Paris, shows how 
yapidly, when power is avy ailable, a demand for it arises. <A striking instance may 
be found in the small town of Geneva. 

In 1871, soon after the completion of the earlier system of low-pressure water 
supply, Col. Turrettini applied to the municipal council to place a pressure engine 
on the town mains for driving the factory of the Society for Manufacturing Physi- 
cal Instruments. The plan proved so convenient that nine years after, in 1880, 
there were in Geneva 111 water-motors supplied from the low pressure mains, 
using 384,000,000 cubic feet of water annually, and paying to the municipality 
nearly 2,000. a year. The cost of the power was not low. It was charged at a 
rate equivalent to from 386/. to 48/. per horse-power per year of 5,000 working 
hours. But even the high price did not prevent the use of power so conveniently 
obtainable. 

Since then a high-pressure water service has been established, the water being 
pumped by turbines in the Rhone. From this high-pressure service power is 
supplied more cheaply. On the high-pressure system the cost of the power is 
about 0°7d. per horse-power hour, or 8/. per horse-power for 3,000 working hours. 

In 1889 the annual income from water sold for power purposes on the low- 
pressure system was 2,085/., and on the high-pressure system 4,500. On the high- 
pressure system the receipts in 1889 were increasing at the rate of 880/. per year. 

In 1889 the motive power distributed, on the high-pressure system alone, 
amounted to 1,500,000 oy hours, there being sevyenty-nine motors of an 
ageregate working power of 1,279 horses. 

In Zurich there is a quite similar system and power, amounting to $,000,000 
horse-power hours in the year, distributed hydraulically to various consumers, 
who pay a rental of 1,200/. per annum. It will be noted that all this power in 
Geneva and Zurich is obtained from water which has been pumped, and it is the 
low cost of the water-power which does the pumping which makes this possible. 

But, further, in both Geneva and Zurich the whole of the dynamos supplying 
electric light are also driven by turbines using pumped water. The convenience 
of this arises in this way. The fall obtainable in the river in both cases is a small 
one, and varies, Large turbines are required, and these cannot work at a constant 
speed. Further, it is expensive to use ‘these large low-pressure turbines to drive 
directly dynamos which only work with a considerable load for a short portion of 
the day. The low-pressure turbines in the river are therefore used to pump water 
to a high-level reservoir, and they work with a constant load all the twenty-four 
hours. 

From the high-level reservoir water is taken as power is required to drive 
the dynamos, and the turbines driying the dynamos are small high-pressure tur- 
bines, working always on a constant fall at a regular speed, and easily adjusted by 
a governor to a varying load. The system seems a roundabout one, but it is per- 
fectly rational, effective, and economical. 

Few persons can have seen Niagara Falls without reflecting on the enormous 
energy which is there continuously expended, and for any useful purpose wasted. 
The exceptional constancy of the volume of flow, the invariability of the levels, the 
depth of the plunge over the escarpment, the solid character of the rocks, all mark 
out Niagara as an ideally perfect water-power station, while, on the other hand, 
the remarkable facilities of transport, both by steam navigation on the lakes and 
by four systems of railway, afford commercial advantages of the highest importance. 
From a catchment basin of 240,000 square miles, an area greater than that of 
France, a volume of water amounting to 265, 000’ cubic feet per second descends 
from Lake Erie to Lake Ontario, a vertical distance of 326 feet, in 373 miles. 

Supposing the whole stream could be utilised, it would supply 7 7 ,000, 000 horse- 
power. This is more than double the total steam and water power at present 
employed in manufacturing industry in the United States. 

Immediately below the “Falls the river bends at right angles, and flows through 
a narrow gorge. The town of Niagara Falls on the American side occupies the 
table-land in this angle. 

The earliest traders who settled near the Falls erected stream mills in the 
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upper river in 1725 for preparing timber. Later, the Porter family erected fac- 
tories on the islands in the rapids above the falls. It was not, however, till about 
thirty years ago that any systematic attempt was made to utilise part of the water- 
power of the Falls. Then a canal was constructed from Port Day, about three- 
quarters of a mile above the Falls, to a forebay or head-race along the cliff over- 
looking the lower river. In 1874 the Cataract Mill was established, taking power 


. from this canal, and other mills were gradually erected till about 6,000 horse-power 


was utilised. ‘These mills have been exceedingly prosperous, but since the growth 
of a feeling against the disfigurement of the Falls it has become impossible to 
extend works of the same kind. 

The idea of a method of utilising the Falls, capable of greater development, and. 
free from the objections to the hydraulic canal with mills discharging tail water on 
the face of the clitf, is due to the late Mr. Thomas Evershed, Division Engineer of 
the New York State Canals. He proposed to construct head-race canals on un- 
occupied land some two miles above the Falls. From these the water was to fall 
through vertical turbine pits into tail-race tunnels, converging into a great main 
tunnel, discharging into the lower river. Apart from an inappreciable diminution 
of the volume of flow over the Falls, this plan avoids any disfigurement of the 
scenery near the Falls, and permits a head of nearly 200 feet to be made available. 
It is, however, essential to such a plan that work should be undertaken on a very 
large scale. In 1886 the Niagara Falls Company was incorporated, and obtained 
options over a considerable area of land, extending from Port Day for two miles 
along the Niagara River. In 1889 the Cataract Construction Company was formed 
to mature and carry out the constructional works required. 

The present plans contemplate the utilisation of 100,000 effective horse-power. 
The principal work of construction is a great tunnel 7,250 feet long, which is 
to form a tail-race to the turbines, starting from land belonging to the company 
and discharging into the lower river. ‘The tunnel is 19 feet by 21 feet, or 386 
square feet in area, inside a brickwork lining 16 inches thick. 

The base of the tunnel is 205 feet below the sill of the head gate, and permits 
a fall of 140 to be rendered available at the turbines, The brickwork of the tunnel 
is lined for 200 feet from the mouth with cast-iron plates. 

The tunnel has been excavated with remarkable rapidity with the aid of drills 
worked by compressed air. 

The main head-race, about 200 feet wide, will run for about 5,000 feet parallel 
with the river, having entrances from the river at both ends. Near the lower 
reach the Soo Paper Company is already arranging to utilise 6,000 horse-power, 
discharging the water from the turbines through a lateral tunnel into the main 
tunnel. Near this lower reach will also be placed two principal power stations, 
from which power will be distributed, either electrically or otherwise in ways not 
yet fully determined. The first turbines to be erected in these power stations will 
be twin turbines of the outward flow type of 5,000 effective horse-power. These 
turbines have a vertical shaft for driving dynamos or other machinery placed above 
ground. 

According to Mr. Eversbed’s original plans, it was intended to distribute water 


-by surface canals to diflerent power users, each of whom would sink his own tur- 


bine pits, connected below by lateral tunnels to the main discharge tunnel, Some 


of the power at Niagara will undoubtedly be used in this way, and in the case of 


industries requiring a large amount of power it will be economical to purchase a 
site and water richts. 

Such a plan is, however, not adapted to smaller factories, Obviously for them 
it would be more economical to develop the power in one or more central stations 
by turbines of large size under common management. Further, once given the 
means of distributing power instead of water, an important extension of the pro- 
ject becomes possible. 

Besides supplying power to industries which may locate themselves at Niagara, 


the power may be transmitted to the existing factories in Buffalo and Tonawanda. 


Arrangements are already proceeding to transmit 5,000 horse-power to 


Buffalo, a distance of 18 miles, to woik an electric lighting station, 
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In 1890 Mr. Adams, the President of the Niagara Construction Company, 
visited Europe to examine systems of power distribution. It was in consequence 
of this visit that the important modification of the plans of the company involved 
in the substitution, to a large extent, of a system of power distribution for a sys- 
tem of water distribution came to be adopted. The American engineers were 
anxious to obtain the best European advice as to the methods best suited to the 
local conditions. A commission was formed, consisting of Lord Kelvin, Dr. Cole- 
aman Sellers, Professor Mascart, and Colonel Turrettini, and an invitation was given 
to engineers and engineering firms in Europe and America to send in competitive 
projects for the utilisation of the power at Niagara and its distribution to different 
consumers at Niagara and in Buffalo by electrical or other means. Many of the 
plans sent in were worked out with great care and completeness. As to the 
hydraulic part of the projects there was some approach to general consent as to 
the arrangements to be adopted, but as to the methods of distributing the power 
there was an extraordinary diversity. 

Generally the commission reported in favour of electrical distribution, with 
perhaps a partial use of compressed air as an auxiliary method. 

Generally also they reported in favour of methods of distribution by con- 
tinuous currents in preference to alternating currents. Since the date at which 
the commission reported, the Frankfort-Lauffen experiment has been made, and in 
the opinion of some electrical engineers a distinct advance has been achieved in 
the use of alternating currents at high potential. c 

The company has not yet decided to adopt any plan for the central stations 
except in a tentative way. One or more turbines of 5,000 horse-power are to be 
erected, and probably at first this power will be distributed to Buffalo by an 
alternating current system. 

The cost of a steam horse-power at Buffalo is reckoned at $35 per annum, I 
believe the company will be able to deliver power at from $10 for large amounts 
and a greater price for small amounts, this price being reckoned for twenty-four 
hour days. 

The new industry of electric lighting has made necessary the provision of large 
amounts of motive power. Electric traction similarly depends on the supply of 
motive power. New chemical and metallurgical processes are being introduced 
which entirely depend for their commercial success on the supply of motive power 
at a low price. 

Niagara is likely to become, not only a seat of large manufacturing operations 
of familiar types, but also the home of important new industries, 


The following Papers were read :— 


1. The World’s Columbian Exposition for 1893. By Jamus Drever, Mem- 
alts yor y 
ber of the Royal British Commnvssion, and Rosert S. McCormick, 
American Representative in London of the Columbian Exposition. 


The great size of Jackson Park, which was assigned by the municipality of 
Chicago as a’ site for the World’s Columbian Exposition of 1898, enabled Messrs. 
D. H. Burnham and J. W. Root, the engineers and architects of the Chicago Com- 
mission, to prepare a general plan of the exhibition buildings, upon the basis of at 
least 50 per cent. more covered space than was available at the Paris Exhibition 
of 1889, while at the same time an ample area was left, which the skill of the 
landscape gardeners, Messrs. Olmstead & Co., has converted into a noble park that 
forms a suitable setting for the great range of buildings composing the exhibition. 

Except for the fact that Jackson Park is six or seven miles from the centre of 
Chicago, it is an ideal site for a great exhibition; for as it skirts the southern shore 
of Lake Michigan the waters of that inland sea can be turned to full account, not 
only to supply the lagoons, canals, and basins, on which so much of the beauty of 
the park may depend, but it will afford a means of permitting a naval exhibition 
to be held, which in completeness, variety, and interest will be without a parallel. 


ai 
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Everyone by this time must be familiar with the form of the triangular piece of 
ground on which the exhibition will be held: it skirts the south-western shore of 
Lake Michigan and covers an area nearly twice as large as that of Hyde Park. 
There is thus sufficient space to allow of the construction of many miles of public 
walks, and also for the erection of a series of great buildings—to say nothing of very 
numerous pavilions—which will be devoted to different branches of art and indus- 
try, and which collectively will cover no less than 150 acres, or about twice as 
much as the covered area of the Paris Exhibition of 1889. 

There are no fewer than eleven main buildings, devoted respectively to Agricul- 
ture, Machinery, Manufactures and Liberal Arts, Electricity, Mines and Mining, 
Transportation, Horticulture, Women’s Industry, the Fine Arts, Fisheries, and the 
Exhibits of the United States Government. Besides these there is also a great 
monumental building reserved for the Administration. This latter occupies a 
dominating position at the end of a vast court, around which are grouped tive of 
the principal structures above referred to, and devoted respectively to Agriculture, 
measuring 500 feet by 800 feet ; Machinery, 492 feet by 846 feet ; Manufactures and 
Liberal Arts, 787 feet by 1,687 feet ; Electricity, 345 feet by 700 feet ; and Mines and 
Mining, 350 feet by 700 feet. The effective areas of these buildings are further 
increased by very extensive annexes, especially those devoted to Agriculture, which 
include several great pavilions for live stock, forestry, dairy farming, and extensive 
ranges of sheds for the exhibition of cattle. The principal facades of these five 
buildings just mentioned form the north and south enclosures to the great central 
court, at the western end of which is the Administration building, while the eastern 
end is extended into the lake by a pier of large dimensions. In the centre of the 
court is a basin, which will be enriched by monumental fountains, and which forms 
a connection between the extensive and ornamental waterways of Jackson Park 
and Lake Michigan. Each of the principal buildings, so far at all events as archi- 
tectural effects are concerned, has been designed by a different American architect, 
all of them selected on account of their eminence in the profession. Certain lead- 
ing conditions have been observed by them so as to secure harmony in the general 
effects, both as regards proportions and classic character; in other respects each 
architect has had an entirely free hand in his designs. The buildings themselves, 
which are magnificent in dimensions and most elaborate in detail, will thus form 
exhibits illustrating the development to which the science of architecture has been 
brought in the United States. As the remaining principal buildings on Jacison 
Park are more or less independent of one another, greater freedom of design was 
permitted to the architects, but they are also intended to serve as exhibits contri- 
buted by Chicago architects. The Transportation building, 250 feet by 960 feet, 
is simple in its outline and almost barbaric in the richness of its decoration; 
the Horticultural building, almost as big as our own Crystal Palace, is, like 
it, a magnificent example of construction in iron and glass. The Women’s 
building, 196 feet by 386 feet, is the design of a lady architect, and is severely 
classic in its outline. The Art galleries will undoubtedly be the most beautiful 
structures that have ever been seen at any exhibition. The leading characteristic 
of the Fisheries building will be its picturesqueness, and the United States 
Government is erecting a structure remarkable for its elaborate architectural 
effect and the beauty of its decoration. There is no room to speak of the 
many pavilions that will be scattered over the ground; they will include con- 
tributions from every State of the Union, from every nation exhibiting, as well as 
those erected by the numerous exhibitors privileged to occupy buildings for them- 
selves. The most varied and interesting of these will occupy a space of ground 
projecting from Jackson Park, and which will form practically a street of nations 
a mile long. The work of the exhibition has now advanced so far that it is within 
measurable distance of completion, and it will scarcely be doing justice to the 
Chicago executive to say that in extent, beauty, and completeness it will as far 
surpass the Paris Exhibition of 1889 as that exhibition eclipsed all its predecessors. 

The Administration building, of which the main feature is a dome 120 feet in 
diameter, rising to a height of 275 feet from the ground, is a beautiful example of 
boldness in design; in the other buildings, with one exception, there is nothing 
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unusual in the dimensions or the treatment, from an engineer’s point of view. The 
roofs are neither very great in span nor original in design, the main object having 
wisely been to cover a vast area in the cheapest and the most expeditious manner 
consistent with a realisation of the best effects for the special purpose for which 
each building was intended. Considerable interest, however, attaches itself to the 
foundations of all the main buildings. In constructing these, the system found 
most useful for the great permanent buildings of the city of Chicago has been 
adopted for these temporary structures; that is to say, a system of independent 
platform foundations, each unit of which distributes, independently of all the 
others, a safe proportion of the load which has to be supported by the thin bed. 
This is a peculiarity which the local conditions of the ground render advisable. 

The exception above referred to when speaking of the engineering features of 
the exhibition buildings is found in the great hall devoted to Manufactures and the 
Liberal Arts: this will have the largest roof that has ever yet been constructed. The 
building covers an area of over thirty acres, and consists of a central gallery, 587 
feet clear span and no less than 210 feet in height: the length of this vast hall is 
1,237 feet and the great roof is hipped at each end. It is surrounded with a series of 
galleries, insignificant by contrast, both as regards height and span. The trusses 
forming the great roof are of steel, and resemble to some extent, especially as re- 
gards size, the somewhat smaller and considerably lower arches of the machinery 
hall of the Paris Exhibition, which up to the present has surpassed any other 
structure of the kind. 

It will be remembered with what interest engineers of every nation watched 
the erection of that great roof, which was undoubtedly a triumph of the contractor's 
skill. The erection of the Liberal Arts building is a work of much greater magni- 
tude, but it is being carried out by simpler means and with greater facility than 
the Paris machinery hall. 

A travelling stage, wide enough to include two trusses and the whole width of 
the building, is employed. On this staging are two towers, framed in timber, higher 
than the roof. The erection of the trusses is carried on from the ground and from 
the staging to a height of about 100 feet, that is to say, to the level of the main plat- 
form of the stage. The upper halves of each pair of trusses are put together 
upon this platform, and when the lower portions are completed and connected by the 
longitudinal bracing, the inner members of the upper and lower sections are con- 
nected by means of pins, so as to form hinged joints. By means of powerful hoist- 
ing apparatus, worked from the floor of the stage, the upper halves are then hoisted 
to their final position, turning on the hinges. When fully raised the central 
joint is made good, the outer members of the upper and lower halves are rigidly 
connected, the hinges are removed, and the permanent joints are completed by 
riveting. In this way the workis rapidly carried on, and it is expected that the 
building will be ready for the great inaugural celebration in October next. 


2. The Application of Destructors, especially to the Llectric Lighting of 
Edinburgh. By Professor G. Forses, F.B.S., F.RSL. 


3. The Disposal of Refuse. By G. Watson. 


1. Intropucrion.— The Present Position of the Question.—The waste products 
chiefly dealt with are those at present coming under the administration of local 
authorities, comprising ashbin refuse, and market garbage, fish, and other offal, 
street sweepings, excremental matter, and manufacturers’ refuse, the latter being a 
term substituted for ‘trade refuse’ in order to discriminate between shop and 
market refuse and the waste products of manufacture. 

The methods of disposal now generally adopted are, in most instances, in- 
complete, wasteful, and injurious to the public health. They may be briefly 
classified as follows :— 
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TRANSACTIONS OF SECTION G. 861 


Asusin Reruszk, MARKET GARBAGE, Fish, AND OTHER OFFAL, 


Mernop 1. Putrefaction.—In this process the refuse is dumped on vacant 
ground, often in the neighbourhood of inhabited houses. 

Meruop 2. Utilisation.—(a) Sorting is carried on only to a very limited 
extent. Reasons are given why it is not likely to come into 
general use. (6) Manure manufacture, as at present pursued 
in some places, is highly objectionable from a sanitary point 
of view. 

Combustion.—It is easy to burn ashbin refuse, by means of 
arrangements the most simple or the most complete, from a 
heaped fire in the open air up to an elaborate ‘destructor,’ 
involving heavy capital outlay ; but it is by no means easy 
to burn it without any smoke, smell, or noxious fumes being 
given off. However, the system of burning is now carried 
on in many places, and in some very satisfactorily, and this 
is the process to be recommended. 

Mernop 4. Sending to Sea.—This arrangement, which is, of course, only 
practicable for seaboard towns, is not altogether unobjection- 
able, as a considerable portion of the refuse floats and is 
sure to be washed ashore. It is also said to interfere 
seriously with fishing, as the floating articles get into the 
nets. In addition, it is essential that the refuse should be 
taken right out to sea, and this is impracticable in stormy 
weather, when the system breaks down, causing great in- 
convenience. 


co 


Mutnop 


STREET SWEEPINGS. 


These contain sufficient horse-droppings to be saleable as manure in most cases, 
though their value is largely affected hy the nature of the road material and the 
quantity of mineral dust contained. They are generally sold for manure, some- 
times dumped or tipped, and they may be readily burned. 


EXcREMENT, 


The use of the public sewers to convey a mixture of domestic sewage and 
liquid manufacturers’ refuse, diluted with a goodly quantity of town’s water, and 
in many cases with surface water from the streets, is the system now generally in 
favour with sanitary authorities for ‘getting rid of’ the most dangerous class 
of refuse. Its ultimate disposal is, in the great majority of cases, not fully 
provided for, and in many not at all. It is often turned into the nearest 
water-course, intercepting sewers being provided for carrying it to a point below 
the town producing it. 

Manufacturers’ refuse has no business at all in the public sewers, and the 
producers should be made to dispose of it themselves. The existing laws are 
sufficient to compel them to purify the effluent before passing it into any water- 
course. The sanitary objections to the use of sewers as a means of conveyance are 
very serious, and some of them may be indicated by the mention of the terms 
‘sewer gas,’ ‘alternately wet and dry surfaces,’ ‘leakage.’ It is also costly as 
compared with other systems. Filtration through sand and through fibrous 
material, by pressure and precipitation, by chemical and mechanical processes, are 
systems more or less imperfectly adopted by municipal authorities for dealing with 
liquid refuse, and they leave a large residue in the form of sludge which is, in 
some places, simply deposited on the ground in heaps or sloughs. At Faling 
sewage sludge is being burnt in the destructor very successfully, and this is the 
proper method of disposal. The authorities of London now barge it out to sea in 
what is known as the ‘ Sludge Fleet,’ and the amount of black mud stirred up by 
the passage of a large vessel to or from the Port of London is said to be less than 
formerly in consequence, It remains to be seen whether the enormous dredging 
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operations hitherto carried on in the docks and the river will be rendered unneces- 
sary by the adoption of the present system. ‘ 

Intermittent downward filtration, irrigation, and Webster’s electrical precipi- 
tation process followed by combustion are final and complete methods of disposal 
of sewage, while those systems which aim at producing manure may be considered 
as complete when a market can be found for the product. 

Collection from house to house, either on the pail system or on the privy 
system, is still iargely practised, and is in many respects strongly to be recom- 
mended, particularly in that it provides the most direct means of conveying the 
noxious material to the destructors. 


MANUFACTURERS REFUSE. 


The liquid waste products of manufacturers are rarely dealt with by those who 
produce them. They are disposed of, as described above, by being turned into the 
public sewers, which are maintained by rates pressing equally on those who turn in 
an unlimited amount of liquid refuse and those who produce none. For the 
disposal of solid refuse manufacturers usually have to pay the local authority in 
cases where they do not themselves dump it on vacant ground. 

2. Outline of a Scheme for the Solution of the Problem.—The paper pleads that 
a systematic and comprehensive system should be elaborated and approved by the 
leading sanitary engineers, and it sets forth an outline of the scheme by which 
each class of refuse should be made to assist in the final disposing of the other. 
Manufacturers’ refuse alone is excluded, as it belongs distinctly to the province of 
the private individual, and not to that of the local authority. Its composition is 
so varied and its treatment so difficult as to interfere with any scheme proposed for 
the treatment of towns’ refuse. The mixture together of all kinds of waste products 
from manufactures and the mixture of the mixture with sewage matter often 
render the ultimate treatment well-nigh impossible. A scheme is, however, indi- 
cated by which each manufacturer may use his solid refuse to assist him in disposing 
of his liquid refuse. 

3. Destructors.—Destruction by fire is the method recommended for the final 
disposal of all refuse. An account of the development of this system precedes a 
short description of each of the furnaces tried.in this country or abroad which 
have received any considerable share of public attention. A fuller description of 
each of the principal furnaces at present in use in this country follows. 

High temperatures are recommended as insuring (with proper arrangements) _ 
thorough ‘ cremation’ of the fumes, and also rendering available an immense power 
from the burning of ashbin refuse, market garbage, fish, and other offal, street 
sweepinys, privy and pail excrement, and sewage sludge (when not mixed with 
liquid manufacturers’ refuse, which is said to be often incombustible). Hitherto it 
has been generally believed that one ton of ashbin refuse, when burned, gives off 
heat equivalent to 1:2 I.H.P. for twenty-four hours. That is equivalent to about 
6 I.H.P. per cell or furnace of the destructor from which the figures were obtained. 
The author has proved by recent experiments that burning in the Horsfall 
destructor at Oldham one ton of mixed refuse (of which the proportions were 
found by observations extending over eleven weeks to be approximately—ashbin 
refuse, 95 per cent.; fish offal, 3 per cent.; market garbage, 1 per cent.; street 
sweepings, 1 per cent.) will convert 328 gallons of water at 67° F. to steam at 
70 Ib. pressure per square inch. Of this 150 gallons are at present used in pro- 
moting combustion (by steam jets), so that from each ton of refuse burnt there is 
available, say, 1,780 lb. of steam at 70 lb. pressure, which is equivalent to 
89 I.H.P. for one hour, or 3:75 I.H.P. for twenty-four hours, as against 1:2 (the 
generally accepted figure), or over three times as much, It is equivalent to nearly 
15 I.H.P. per cell or furnace. If the power were valued at 1d. per I.H.P. per 
hour, which is less than is now the cost at some first-class electric-lighting stations, 
there is a value of 5s. per ton burnt to put against the cost of burning. At 
Oldham this is 1s. 10d., without counting any returns from sale of mortar, &c., and 
including a charge of 7 per cent. (or 6d. per ton net) for interest on capital outlay, 
repairs, and depreciation, in addition to wages and gas and water rates, and in fact 
all charges. It does not of course include the cost of collection aud cartage, which 
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may be taken at, say, 2s. perton. Then we have ls. 2d. per ton as the net value 
of the refuse when burnt on this system. A rough outline scheme is described for 
the burning of London sludge at Barking and Crossness when mixed with ashbin 
refuse barged down by steam power. 

Sites for destructors in special reference to areas of cartage and population are 
dealt with, and also a calculation is given showing how the refuse of any com- 
munity is sufficient to provide it with electric light at no extra cost beyond that 
now involved in refuse disposal. Village refuse is also treated briefly, and united 
action of sanitary engineers to bring about the general adoption of the combustion 
system is urged. 

4. The Absorption and Filtration of Sewage on Sandy and other Soils. 

By Ricwarp F. Grantuam, M.Inst.0.E., F.G.S. 


The author refers to the remarkable results of the experiments conducted for 
the last two years at St. Lawrence by the Massachusetts Board of Health upon the 
filtration of sewage. 

The results are compared with instances of sewage farming upon sandy soils. 

The examples of sewage irrigation at Edinburgh, Dantziez, and Berlin are 
described, and the effect upon the sandy svil in each case, as well as the average 
quantity of sewage treated per acre per day, is alluded to. 

The particulars of the filter tanks constructed and the materials used by the 
Massachusetts Board in their experiments are stated, and a table is given to show 
the quantities treated and the effect upon the nitrogenous matter. 

The tanks were 6 feet deep, built water-tight; 17 feet 4 inches in diameter at 
the top and 16 feet 8 inches at the bottom. Two-inch drain-pipes and a thickness 
of a foot of gravel and sand, decreasing in coarseness upwards, were laid and spread 
at the bottom. Above this layers of sand and of gravel and other materials were 
placed in several tanks, The sewage was delivered on to the surface of the filters 
intermittently. 

The volumes of sewage dealt with in sewage farms are contrasted with the quan- 
tities experimented upon, and Dr. Frankland’s experiments for the Rivers Pollution 
Commissioners are shown to corroborate the results of the Massachusetts Board's 
investigations as regards the quantities and degree of purification. 

The action of the filters is shown to be not merely straining the sewage, but in 
consuming and destroying the organic impurities, and this action is due to the 
presence in it of organisms which require a supply of oxygen for their existence 
and multiplication. The interstices in the sand and gravel afford air-spaces for 
these organisms to multiply ; but top soil and mould retain so much moisture that, 
although the bacteria are filtered out, a large percentage of albuminoid ammonia is 
left in the effluent. 

From the quantity of sewage disposed of on the Berlin sewage farm per acre 
and from that ordinarily absorbed by intermittent downward filtration are calcu- 
lated the areas of land that according to the same ratios would he required for the 
disposal of the London sewage, and these are compared with the space required for 
the volumes according to the ratio shown by the experiments. 

It is suggested that there would be no difficulty, from the nature of the forma- 
tion of the Maplin and Foulness Sands, in reclaiming and underdraining them and 
laying them out for filtration areas. 


5. Shield Tunnelling in Loose Ground under Water Pressure.' 
By G. F. Dracon.—See p. 532. 


6. Proposed Forth and Clyde Ship Canal. 
By Davip A. Sruvenson, B.Sc., F.R.S.E., M.Inst.C.E. 


The route that has been proposed by Messrs, D. and T. Stevenson, civil 
engineers, Edinburgh, passes up the valley of the Forth from Grangemouth by 


' Ordered to be printed in extenso. 
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Alloa and Stirling to Loch Lomond, the surface of which is only 22 feet above the 
mean level of the sea; thence across the narrow neck of land at Tarbet to Loch 
Lone. 

The length of the canal from the Forth to Loch Long is 30 miles, the proposed 
depth 80 feet, and the width at bottom 72 feet. The locks, of which there are 
only two—one at each end—will be capable of passing the largest ships afloat— 
or about 600 feet in length and 80 feet wide, with smaller locks alongside for small 
eraft. 

There are no serious engineering difficulties to be overcome. The depth of 
cutting does not average 50 feet, and is principally in soft materials. The tunnel 
which it is proposed to construct through the high grounds near Loch Lomond is a 
large one, namely, 23 miles in length, with 150 feet headway; it, however, can be 
made an open cutting if thought desirable. 

For the supply of water to the locks Loch Lomond affords an ample reservoir, 
for it is the summit level of the canal, and has a gathering ground of 21,000 acres. 

By this canal vessels from the Clyde to ports on the East Coast of Scotland 
would save a distance of 529 to 238 miles, while from the Forth to ports on the 
West Coast of Scotland, South-west of England, Ireland, America, and the 
Mediterranean, the distances saved would be from 487 to 140 miles. 

From Tyne ports to the St. Lawrence River the distance saved would be 150 
miles. From West of Britain to North-east of Ireland, and to middle western 
parts of the Continent, the distance saved would be 377 to 98 miles. 

The traffic which would benefit by this canal, an examination of the Returns 
of Shipping shows, would amount annually to at least 9,000,000 tons. 

The estimated cost of the undertaking is 8,000,000/. Since the above scheme 
was put forward a project has been set on foot to make a ship canal on what has 
been styled the ‘direct route’ from Grangemouth across the high table-land, over 
which the present barge canal goes to Yoker on the Clyde. 

The objections to this ‘ direct route’ are that, as designed, it will not admit the 
Jargest class of vessels now afloat; it necessitates having twelve locks; the time of 
passage through it will be 113 hours, as against 8} by the Loch Lomond route; it 
will be difficult, or impossible, to obtain a sufficient supply of water for the locks ; 
it debouches above Greenock into a narrow part of the Clyde already crowded ; it 
cannot be entered or left at low water, hence delays ; and it will be more expensive 
to construct. 


FRIDAY, AUGUST 5. 
The following Papers were read :— 


1. An Automatic Railway for the Carriaye of Packages. 
By Davw Cunninouan, M.Inst.C E., F.R SE. 


This system of carriage is novel. It is specially economical, as it dispenses 
with the employment of manual labour in the loading, running, or discharging of 
the carriages, the whole work being performed by a fixed engine, This engine 
may drive several lines of a system simultaneously, as is at present done in coal 
mines. The engine may work the lines throuch the agency of the endless wire 
rope system of haulage or of electricity. The author has constructed three 
different sets of apparatus. The full-size set has been employed experimentally to 
deal with bales containing each nine cubic feet and weighing 400 lb. weight. 
The smallest size is that of the model, 20 feet by 10 feet, shown at work. 

The system was designed in order to supply a felt want in the distribution of 
cargoes over an extended floor space. The author submits that it promises assist- 
ance in the carriage of packages generally. 

The machinery may be fully employed, as there are no railway sidings or 
stations. The trains run continuously, and take on and dischurge their loads 
while they run, They may take on loads at about six different places, each of 
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which is independent of the other. They may also discharge their loads at as 
many places, and these discharging places may be altered at any moment as 
required. 

The trains always run in the same direction, as the lines are continuous curved 
loops, and they may succeed each other as closely as may be necessary to 
accommodate the traffic. The system is elastic, and is capable of indefinite 
extension and of the application of extended automatic appliances. Much com- 
plexity of work may be done by a moderate application of power. 

It is submitted that the system (which is patent) is competent to produce great 
convenience and economy in the carriage of packages, 


Explanation of the Model, 


The model exhibited represents a new system of carriage, which has been 
invented so as to convey packages in the most economical manner. It has been 
constructed to show how the system works. No men, boys, or horses are required 
in the loading, running, or discharging of the trains. 

The apparatus exhibited may have six loading and any convenient number of 
discharging places; but by additional automatic means the system may be in- 
definitely extended, so that packages may be carried between any desired number 
of points without failure or confusion. 

The loading places may, in general, be fixed and not movable, as in the model, 
the arrangement represented being that intended for the discharge of cargoes and 
to suit the hatchways of vessels, 


2. On Electric Locomotives. By ALEXANDER SIEMENS. 


The communication describes the tests made in active work of two electric 
locomotives supplied by Messrs. Siemens Brothers & Co. to the City and South 
London Railway. Each locomotive carries two electric motors, together capable 
of giving 100-brake horse-power; the armatures are wound directly on the axles, so 
as to do away with all gearing, a plan suggested by the Jate Sir Wm. Siemens. 

The tests were made by simultaneous readings of speed, ampéres and volts on 
the locomotives, and of ampéres and volts on the station dynamos; the results are 
plotted on a series of curves, the mean values of which are summarised in the 
accompanying table :— 
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3. The Utilisation of the Energy of Flowing Water. Description of the 
Purdon-Walters Motor. By Messrs. Purpon and Waters, Westminster. 


The motor, which was illustrated by the cartoons exhibited, is designed to 
convert the energy of flowing water into mechanical power for the purpose of 
driving electric, pumping, grinding, and other plant. 

The machinery of the motor is carried on a pontoon, below which is a lower 
deck or platform attached to it by uprights. When at work the motor is moored 
at right angles to the direction of the current, and adjusts itself automatically to 
the varying levels of flood or tide. The lower platform covers in the moving parts 
and provides for the motor taking the ground without damage in shallow water, 
and even being worked in that condition. 

The mechanism acted upon by the water consists of blades fixed at even 
intervals to an endless chain passing over two vertical end wheels, the links of the 
chain gearing with flat surfaces provided on the wheels. The bearings for the 
wheel shafts are placed at such a level on the pontoon that half the chain and 
blades, controlled by fixed guiding rollers, are submerged in the water, while the 
other half are suspended in the air. 

The back portion of the pontoon is constructed with a watertight deck inter- 
posed between the end wheels and the upper and lower parts of the chain, so that 
when motion is imparted to the chain the blades which are submerged have a clear 
passage through the water between the lower platform and the pontoon, and 
return in the air above it. The remaining portion of the pontoon for carrying the 
gearing and machinery to be driven is in the form of an open barge, covered with 
light shedding where required and boarded up fore and aft, outside the end 
wheels, from the lower platform, to protect the blades in the water and to permit 
of the motor being towed. 

The space between the pontoon and lower platform through which the current 
has to pass from the front of the motor to the blades at the back is in the form of 
a bell mouth, contracted laterally by means of curved wing vanes placed at each 
end, and vertically by the inclination of the bottom of the pontoon and the lower 

latform., 
i In this space the current is diverted into the line of action of the blades, at 
right angles to the stream, by means of curved guide vanes; and the blades are 
also curved to receive the pressure and allow of a free escape of the water into the 
open stream beyond. The whole arrangement is in fact that of the well-known 
turbine rod, 

The bell mouth has the effect of concentrating the energy of a large sectional 
area of stream at a higher velocity than its natural flow on a comparatively small 
blade area, the advantage obtained being that the weight of the moving chain and 
consequent friction is considerably reduced, and the speed of the chain increased. 

The action of the machinery impelled by the current is as follows :-— 

The current impinging on the blades forces those in the water forward with 
the chain which revolves the end wheels and carries round the blades each in turn, 
to be submerged and acted upon by the water. One of the end wheels is provided 
with spur gearing revolving a second motion shaft, from which any higher speed 
can be obtained by the employment of pulleys and belting. 

The energy of a stream varies as the cube of the velocity, and may he expressed 
by the formula 


3 . Q v°=ft. Ibs. per second, 


where G = weight of 1 cubic foot of water. 
g =acceleration of gravity. 
Q =sectional area of the stream in feet. 
v=velocity of stream in feet per second. 


Assuming a pontoon 40 feet long with a sectional area of 151°6 square feet, < 
where the water enters the bell mouth opening, and that the motor shows an 
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efficiency of 25 per cent., which it is fully expected, from results obtained from an 
‘experimental machine mooved in the tidewayof the Thames, will be the case, the 


theoretical horse-power of the stream and that developed by the motor at various 
velocities would be approximately as under :—— 


Velocity of Btream Horse-power of Tlorse-power ofa 

Z 3 ; chron machine at 25 per 
in Miles per hour Teet per second | cent. efficiency 

1 1-467 | 0:84 | — 

2 2:933 6-74 | 1:68 

3 4-4 | 22-75 5°68 

4 5:867 | 53-94 13°48 

5 7-333 105-29 26-32 

6 3:8 182-02 45-50 


It is obvious from this table that the cost per horse-power depends almost 
entirely upon the velocity of the current, as the capital outlay, attendance, &c., 
would be nearly constant. It should also be observed that where considerable 
power is required the motors can be placed in series at near intervals, and the cost 
of attendance further reduced. 

In deciding whether any particular stream or estuary is suitable for the use of 
this motor with advantage, as compared with heat engines, it should be remarked 
that most available figures referring to the working cost of these engines are based 
upon a day of ten hours, whereas the water motor can be worked with very little 
attention, even in a tideway, for a greater number of hours, and in a river 
perpetually. 


4. On the Extended Use of the Principle of the Hydraulic Ram. 
By H. D. Pearsatt, Assoc. Mem.Inst.C.L. : 


The hydraulic ram is a machine of extreme simplicity which enables the power 
of a fall of water to be used directly to raise water to any desired height, and it is 
the only known means of doing this directly, all other means being more or less 
roundabout and complicated, being a combination of at least two machines, 
involving a double transformation of power. This simple machine has therefore 
many very great advantages over any alternative methods, but, notwithstanding 
this, we find that one hundred years after its invention the older methods are still 
in use where the quantity of water dealt with is large. 

The author investigates the reason of this, and shows that it is chiefly due to 
an imperfect realisation of the principle of the machine. The paper also gives an 
account of an investigation of the hydraulic ram by the author and of some 


engines constructed in accordance with this investigation, which prove that 


engines on the principle of the hydraulic ram may be advantageously used for the 
largest water powers, such as waterworks for town supply, irrigation, &c. 
Similar engines are also remarkably serviceable in compressing air, giving in this 


‘case results so far exceeding any hitherto obtained that they vitally atfect the 


important question of transmission of power to a distance. 

The ordinary hydraulic ram, as designed by Montgolfier and as still made, is 
then described. 

The violence which accompanies the action of these machines is the first and 
most obvious reason against their application to large quantities of water, and has 
given currency to the idea, which the author found to be prevalent, that, as 
commonly stated, such machines ‘ acted by a blow.’ 

_ This is shown to bea mistake by reference to the elementary dynamic law 
that any body in motion can be stopped by any resistance, however small, if it 
continues to act through sutficient distance ; from which it follows that the proper 
action is not ‘by a blow,’ but by a continued motion of the water against a steady 
resistance. 
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The actual causes of the violence which is admitted to occur are then shown 
to be partly internal, due to avoidable errors in construction, and partly and 
principally to the concussion of the waste valve in closing at a high speed. 

The author then mentions the attempts made by various inventors to diminish 
this violence by cushioning the blow of the valve, which, while partially success— 
ful in their immediate object, result at the same time in impairing the efficiency 
of the machine, and shows that the explanation sometimes given of this result— 
viz., that it prevents the instantaneous action imagined to be necessary—is: 
untenable. The true reason of the observed effect is shown to be merely that the 
slowness of shutting produced by cushioning chokes the flow, and, this being so, 
a method is at once suggested of shutting slowly without choking the flow, and 
consequently without impairing the efficiency of the machine. 

It having been thus shown that all existing causes of violence are removable, 
it does not appear that there is any other reason to prevent the extended use of 
this principle, and in some respects it is much more suitable for use on a large 
scale than on a small, notably on account of the smaller coefficient of friction im 
large pipes. 

A large engine was constructed to prove the above ideas in practice and dis- 
cover any unforeseen practical difficulties. The proportions of this engine were 
deduced from theoretical considerations, discarding the empirical rules formerly in 
use, as it was found that the theory of the machine indicated the advantage of 
proportions differing from these. It was also evident that the periods of time 
during which the main valve was open and shut would be of great importance, 
and the most suitable times were therefore determined and machinery designed 
to give the valve exactly this motion. Very much higher velocities were also used 
in the flow-pipe than had hitherto been used, with the effect of greatly increasing 
the power of a machine of given size. 

The first engine made on this basis was successful, and three others have since 
been made differing in some practical details. The principal features of these 
engines are the use of an annular slide valve for the waste valve, moved by a cam 
in order to obtain exactly the motion required and bring the valve to its seat. 
without any impact, the gradual shutting of this valve being prevented from 
checking the momentum of the water by the provision of a space into which some: 
of the water flows during the shutting of the valve. This space or antechamber 
is emptied of water during the opening of the main valve, being provided with an 
air-valve which admits air at that time, and allows the air to escape as the 
chamber fills with water. 

Precisely similar engines have been also used to compress air, the air being 
compressed in a chamber similar to the antechamber spoken of above, and its 
quantity being capable of exact regulation by placing the air-valve in a tube, the 
depth of which below the roof of the chamber is regulated by a screw. 

The general results obtained from these engines are— 

1. Entire absence of violence as predicted. An indicator diagram of the in- 
ternal pressure exhibited further shows this. 

2. Very high efficiency, amounting to over 70 per cent. when pumping water, 
and over 80 when compressing air. 

3. That the construction is simple and much less costly than the ancient. 
method, and the management of the engines is easy and the wear slight. 

4, Evidence that a similar construction is equally feasible for engines having 
flow-pipes 3 feet or 4 feet diameter. 

In short, it has been established as a fact of actual experience that the simple 
and useful principle of the hydraulic ram may safely and very advantageously be 
extended to nearly all cases where water-power is used for pumping or for 
compressing air, and that there is no need at all to continue in future the use of 
the antiquated indirect methods, but there are very strong reasons for not doing so. 

The author further mentions the result of recent experience in using still 
higher velocities in the flow-pipe with a view to still further increasing the power 
of engines of a given size. Velocities eight times as great as used in ordinary 


¢ 


TRANSACTIONS OF SECTION G. 869 


rams have been already employed, and the author expects to employ even greater 
velocities in future, 

The great aid supplied by these machines to the problem of transmission of 
power is then pointed out. ‘lhe incidental advantages of using compressed air for 
this purpose ere great, but the practical objection hitherto has been the loss of 
power incurred in compressing air. As this loss is by the use of the above 
method almost entirely eliminated, this method of transmitting power will, it is 
believed, compare favourably with any known method. The reason for the very 
great efficiency obtained in compressing air (besides simplicity of the apparatus) 
is that it is accomplished with hardly any heating, because the air during com- 
pression (1) is surrounded by and is in contact with cold water in very large 
quantities ; (2) is compressed in a chamber which is washed inside and out a; 
every stroke by large quantities of cold water; and (3) metal surfaces similarly 
cooled can be added in the midst of the air to any desired extent. 


5. On a New Furm of Windmill. By Professor James Biyru, M.A., 
Glasgow and West of Scotland Technical College. 


At the York meeting of the British Association Sir William Thomson sug- 
gested the construction of cheap windmills to run dynamos for charging accumu- 
lators; but, as far as I know, no practical trial was made till the summer of 1887, 
when I erected my first electric windmill in the village of Marykirk in Kincardine- 
shire. At that time I procured a set of thirteen accumulators, and constructed a 
windmill of the old English type, having four arms or whips and canvas sails. I 
also tried various forms of wind-wheel of the American type, and all these I found 
to answer very well so long as the wind had a moderate speed, but, like all other 
experimenters with windmills, I soon found that they had either to be made self- 
reefing or stopped altogether when a breeze came. This is obviously very unsatis- 
factory, as the best of the wind for storage purposes is lost; and hence this 
problem presented itself—how to construct a windmill that would satisfy the 
tollowing requisites :— 

1. It must be always ready to go. 

2. It must go without attendance for lengthened periods. 

3. It must go through the wildest gale, and be able to take full advantage of it. 
A possible solution of the problem is presented in the Robinson Anemometer, 
which consists of four hemispherical cups attached to four arms and moving in a 
horizontal plane about a vertical axis. From the theory of this instrument, which 
is only, however, approximate, it appears that, whatever may be the speed of the 
wind, the speed of the cups attained a certain terminal value, and that the 
couple due to the wind-pressure was exactly equal to that produced by the resistance 
of the motion through the air and the friction on the bearing. It immediately 
follows that a large machine made on this principle is likely to have the same 
property, and hence could be allowed to run without danger even in the strongest 
breeze, and when doing no work. 

Last summer I erected a machine of this kind, which has been considerably 
improved within the past three months, The cups are replaced by semi-cylindrical 
boxes attached to four strong arms, each about 26 feet long. Two boxes are placed 
on each arm with a narrow gap between. The diameter of the outer box is 6 
feet and its height 10 feet, while the diameter of the inner box is 3 feet, 
- and its height 10 feet. The arms are fixed in metal sockets, which are 
attached to a strong vertical shaft made of round iron five inches in diameter. 
The lower end of the shaft carries a massive pit wheel which actuates a train of 
gearing, and drives a fly-wheel 6 feet in diameter with the requisite speed for a 
dynamo, connected with it by a belt in the ordinary way. This machine works 
very satisfactorily, and is at present being used to charge thirteen new E.P.S. cells. 
With a good wind I reckon that it gives about four horse-power. I have also 
tested it in a strong gale by allowing it to run with no load, and the result was 
perfectly satisfactory, as a safe terminal speed was attained and all racing avoided. 
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Hence I think that electrical windmills, at least for small installations, are likely 
to assume this form, as they require little or no attention. I+ is obvious, however, 
that mills of great size and strength of this form may be constructed, and, if neces- 
sary, several could be placed in any well-exposed position, each having its own 


dynamo and set of. accumulators. Regarding the electrical connections, only a. 


word is necessary. The only thing needed is that the cireuit be broken when the 
dynamo is running at less than the storing speed. This is easily managed by 
having a governor attached to the dynamo shaft which makes and breaks contact 
in a mercury pool at the required speed. I have also tried a form of governor 
which throws a greater or less number of cells into the charging circuit as the 
wind varies, and in this way the machine is always doing some work. 


6. Flexible Metallic Tubing. By Giusert R. Reporave, Assoc.Inst.C.B. 


The author states that numerous efforts have been made in recent times to 
produce tubes of metal capable of being bent into any required form. The con- 
ditions under which it becomes possible to obtain flexibility in tubing are investi- 
gated, and it is pointed out that this property depends upon a multiplicity of small 
segments or moving parts, securely jointed together, provision for movement being 
made at the joints. In tubes of rigid metal various methods of forming these joints 
are considered, and it is shown that success can best be obtained in tubes composed 
of spirally wound strips or fillets of metal, which must be so disposed that the longi- 
tudinal joint is not only sound, but is possessed of play or sliding power within 
certain fixed limits. Owing to the great difficulty experienced in making a good 
joint of metal against metal, ail the earlier attempts to make a flexible joint de- 
pended upon the presence of a strip of indiarubber inserted between the coils. In 
consequence of the liability of indiarubber to deteriorate when employed in this 
way, it became necessary to devise means to make a tight joint without rubber, 
and this has now been accomplished. The new flexible metallic tubes are the in- 
vention of Mons, E. Levavasseur, and he was led to the discovery by his successful 
attempts to produce necklaces and bracelets of the well-known snake pattern. In 
the first instance these ornaments were manufactured by means of spirally wound 
strips of thin metal of two different sections, so arranged that the joints produced by 
the lower fillet were covered by a second fillet wound above it, thus, <7 ~727—. 


At a later date Mons. Levavasseur manufactured similar objects by the use of a 
single spirally wound fillet in the shape of the letter 8, the coils being so disposed 
that the head of one S was clasped by the tail of the next, and from various modi-~ 
fications in the form of the metal strip many beautiful and flexible chains were thus 
produced, some of them being subsequently passed beneath a hydraulic press and 
flattened into an oval section. It will readily be understood that all these tubes 
were relatively very small in size, and made no pretence of being perfectly tight. 
About six years ago, however, the inventor, on observing the clumsy contrivances 
to obtain flexibility in the hose used in Paris for watering the roads, was induced 
to turn his attention to the fabrication of pipes or tubes of larger dimensions, and 
this he at first attempted to do by employing the S section already used for 
jewellery, with the addition of a thin strip of indiarubber inserted along the joint. 
Some very successful tubes were made in this way, but finding that the rubber 
was liable to become rapidly worn out, and that in certain cases it soon oxidised 
or became useless, Mons. Levavasseur determined to prepare a tube in which 
rubber could be dispensed with. To do this an entirely new section was designed, 


which may be described asa ;— | | double channel. In coiling this strip the 


smaller notch fits into the larger one, and room is allowed for a certain amount 
of play, so that a species of piston joint is obtained, as the small notch works 
within the larger one in a very similar way to that in which the piston travels in 
the cylinder. In tubes thus made, it becomes possible to omit the rubber and to 
obtain a perfectly tight joint between the metal surfaces. The amount of play or 
flexibility depends to some extent on the size of the pipe, the thickness of the 
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metal strip employed, and the character of the section. The strips are rolled 
between a series of molettes, which produce the requisite corrugation, much on 
the same principle that the larger sections in iron and other metals are rolled in 
the mill. Recently, by an improvement in the processes of manufacture, it has 
become possible to produce a flexible pipe in which the coils are soldered together 
or otherwise united by a tight joint, as the tube is formed, and the flexibility is 
obtained by the extension and compression of V-shaped folds in the metal. Statis- 
tics are given of the strength of various tubes, many of the smaller sections having 
withstood strains amounting to 2,000 lb. per square inch, and some account follows 
of the industrial applications of flexible tubing and the numerous purposes in the 
arts for which this inyention may be applicable. 


SATURDAY, AUGUST 6. 


The Section did not meet. 


MONDAY, AUGUST 9. 
The following Papers were read :— 


1. Report on Graphic Methods. By Professor H. 8. Hei» Suaw.! 
See Reports, p. 373. 


2. The Destruction of Lightning Protectors by recent Municipal Legislation. 
By W. H. Presces, F.2.S. 


The immunity of private houses from being struck by lightning is very marked, 
and this is considered to be due to the fact that the lead on our roofs and the iron 
stack-pipes that drain these roofs, connected as they are together, form admirable 
lightning protectors. Any charge of atmospheric electricity which may fall upon 
a house so protected is conveyed harmlessly away to the earth. Householders are 
now required to remove these pipes from direct connection with the drains, and to 
leave an air space between the end of the pipe and the grating of the drain. The 
result. is that the electric conduction of the pipe is broken, the stack-pipe ceases to 
be a lightning protector, and houses are left exposed to the dangers of atmospheric 
electricity. 

The remedy is very simple. The pipe need not be entirely cut away; three- 
fourths of its circular section may be removed for the distance required, and one- 
fourth may be left to maintain the old electrical connection, or it the separation 
has been effected, then the stack-pipe should be connected with the drain by a 
wire or rod so as to restore a path for the charge to the earth. 

Householders are also now compelled to put up stack-pipes to ventilate their 
soil-pipes, erecting above their roofs a metal tube forming a prominent object, 
exposed to the atmospheric charge, and terminating frequently in an earthenware 
pipe on the first floor. They are thus liable to be struck by lightning without 
offering any means of escape. They should be connected electrically with the 
earth, either directly or indirectly, through the stack-pipes, which would then 
make them sources of safety rather than of danger. 


1 Ordered to be printed in eatenso. 
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3. Secondary Batteries in use at the Central Telegraph Office, London, for 
Telegraphic Purposes. By W.H. Preece, F.R.S. 


In a paper entitled ‘The Use of Secondary Batteries in Telegraphy,’ com- 
municated to the British Association at the meeting held at Montreal in 1884, an 
account of a series of experiments was given which had been carried on during 
the preceding twelve months to determine the suitability of secondary batteries 
for telegraphic purposes. 

Since that time the use of secondary batteries has been extended, and for the 
past seven years they have been used to supply current to two large groups of 
circuits, ope group consisting of 110 single needles, and the other of 100 Morse 
inkers and sounders. 

To provide a ready means of replacing the battery in case of failure, the leads 
from the working and reserve cells, which are placed in the asement, are first led 
up to the test-board in the instrument room, and there joined to a switch ; thence 
the leads are again led to a test-board in the battery room, where the two groups 
are split up into sub-groups of ten circuits each. The connections are made in 
this manner for two reasons: first, for facilitating a change of a faulty battery, and 
second, to prevent a general stoppage of the whole group in the event of a short 
circuit at any of the instruments, the resistance of the leads between the instru- 
ments and the subdividing connections in the basement beiug sufficient to prevent 
more than three ampéres being taken from the battery by any one of the instru- 
ments, even when a short circuit is on. To prevent any damage to the instruments 
or risk of fire fuses are placed in the battery leads at each instrument. 

The circuits on the groups mentioned are all metropolitan, and are all, 
approximately, of the same resistance, no equalising resistances being therefore 
necessary. The current in each circuit ranges between seventeen and twenty 
milliampéres, 

The E.M.F. for the single needles is twenty volts, ten cells positive and ten 
cells negative, with earth in the centre. For Morse working the E.M.F. is 
eighteen volts. 

In addition to these two groups another set of twenty-two cells has been in 
use since 1889, supplying current for driving the motors of the Delany multiplex 
distributors, Each of these motors requires a current of about ‘12 ampére, and 
there are ten of them at present driven from this source. Fuses are placed in the 
leads to each motor. ‘There is no spare set for this work. 

A considerable extension of the accumulator system has recently been made, 
advantage being taken of the transfer of all the Continental service to the General 
Post Office building in St. Martin’s-le-Grand. This transfer was made on 
October 17, 1891, and since that date the whole of the Continental circuits have 
been operated by currents from secondary cells. 

There are fifty-nine of these Continental circuits, and as they are of various 
lengths, some requiring repeaters in England, whilst others go direct to the 
Continent, a somewhat different arrangement has been adopted. In addition to 
these varying conditions it was found impossible to use the same polarity in all 
countries, the German, Dutch, and Belgian lines taking positive, and the French 
negative, 

It was also necessary to provide an arrangement which would cause the stop- 
page of the minimum number of lines should a main fuse be burned or a battery 
fail. 

The fifty-nine lines are divided into four groups; but as the force required for 
these long lines is 100 volts it is evident that the risks of allowing a dangerously 
heavy current passing out from the instrument to line, should it make earth near 
the sending station, are increased. To provide against this, resistances of 100 volts 
are placed in the battery leads at each instrument, so that it is absolutely im- 
possible that more than one ampére can flow even with earth on the line close up 
to the instrument. Independent three-ampére fuses are also fitted to each instru- 


ment to prevent any damage to lines or instruments should the safety resistance 
be short-circuited. 


TRANSACTIONS OF SECTION G. 873 


As it is sometimes necessary to put repeaters in on the English side of the 
cable on some lines which nominally work direct to the Continent, the resistance 
blocks on several of the instruments are wound to 1,000 ohms, and fitted with a 
switch which enables either 100 ohms or 1,000 ohms to be inserted in the battery 
circuit, and thus the current is kept constant. In addition to the independent 
three-ampére fuses main fuses to break at ten ampéres are placed on each group 
of circuits in the accumulator room. 

All the coils are kept well charged, and the E.M.F. is not allowed to fall 
below 1:95 volt per cell. Where spare or reserve sets are provided the charging 
is carried on at any convenient time, and on those where no spare is in use the 
charging is done at night, when the minimum disturbance is caused by the slight 
increase of E.M.F. which is inseparable from simultaneous charging and working. 

Accumulators are also used for working the Paris telephone circuits. Their 
E.M.F. is so constant that they are found to be eminently adapted for the 
purpose. 


4. Power Transmission by Alternating Current. By Gispert Kapp. 


Some two years ago the municipal authorities of Cassel, in Germany,determined 
to become purveyors of electric light, and to place the generating station on the 
site of the waterworks pumping station, which is situated on the river Fulda, about 
four miles from the town. The object in choosing this site was partly to bring 
both undertakings under the same management, and so reduce administrative 
expenses, but chiefly to utilise an existing turbine plant. 

Owing to the great distance between the generating station and the town, it 
was necessary to work at high pressure and to use some system of transformation 
in the town, whilst to make the best use possible of the existing power plant it was 
necessary to combine with the supply some system of storage. ‘his problem was 
solved in a very successful manner by a German engineer, Herr Oskar von Miller, 
who had been called in by the municipality to carry out the work. The plan 
adopted by von Miller was briefly this. He determined to transmit power by 
single phase alternating current from the generating station to a sub-station or 
rather to two sub-stations in Cassel, and to use this power for the supply of direct 
current on the three-wire system. At one of the sub-stations he established a 
battery which is charged during the hours of light load, and assists the dynamos 
during the hours of heavy load, so that the maximum power available shall sutfice 
for 3,500-60-C.P. lamps wired. 

At the generating station are two 60 K.W. alternators, which can be used 
singly or in parallel, and the current is transmitted through an underground con- 
centric cable over a distance of about four miles to the sub-stations. The alterna- 
tors are designed for a terminal pressure of from 2,000 to 2,200 volts, and the 
loss of pressure in transmission, when both are working full power, is under 10 per 
cent. 

Each sub-station contains an alternating continuous current transformer, con- 
sisting of a 60 K.W. alternator, coupled with two continuous current dynamos, one 
on either side. The latter machines are connected with each other and with the 
mains in the usual way adopted in three-wire distribution. At one of the sub- 
stations there is a battery, also arranged on the three-wire system. The mains 
throughout the district are coupled so that the battery sub-station can supply 
eurrent to the other sub-station through the town mains. To start any one of the 
two transformers it is only necessary to switch on the two dynamos which begin to 
work as motors, and, after observing by a synchroniser that the speed of the 
alternator has reached the required amount, to close the high pressure alternating 
eurrent switch, when the alternator works as a motor supplying power to the two 
dynamos which are directly coupled to it. It will thus be seen that not only are 
the two alternators at the generating station worked in parallel, but also the two 
sub-station alternators erected in ditferent parts of the town are worked in parallel. 
The dynamos are Brown’s design and the alternators are my design, both made by 
the Oerlikon Engineering Works, but I must distinctly state that I can claim no 
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credit whatever for the Cassel installation; and that the whole credit for this 
(probably the earliest) example of power transmission by alternating currents is due 
to von Miller, who, at a time when most electricians were still in doubt as to the 
possibility of parallel running, boldly laid down a plant, the success of which was 
not only dependent on paralle] running, but also on the economical and safe trans- 
mission of power by single phase alternating current, using for this purpose the 
ordinary type of alternator as made for lighting. The plant was started on May 
15 last year, and has been working since then without a hitch. 

By the courtesy of Herr von Miller I am able to give the following readings of 
the working of the battery sub-station taken at my request about a month ago. 
Although at that time of the year the load is necessarily light the total efficiency 
of the transformer, even if we neglect the correction due to lag, is satisfactory. 


Alternating to Continuous Current Transformer. 


Alternating Current Motor | Continuous Current Generators 

; : Machine I. Machine IJ. 

Speed | Exciting | Terminal Armature | al y, 

Current Volts? ‘Curren’: *)"-Voits | Asmparea| Volts Amperes 

| | Saale Le) ao ae 
500 cape RA AT 23 130 120 134 130 
460 10 1,800 20 112 120 113 120 
475 10 1,840 20 111 125 117 115 
475 10 1,800 22 f 120 128 116 118 
470 10 1,800 22 Peete 127 128 110 
465 | 10 1,820 22 | 122 115 120 122 


5. A new Electric Locomotive. By E. H. Woops. 


The electric locomotive, which is illustrated by the cartoons exhibited, has 
been designed in the first instance to meet the requirements of heavy traffic on 
metropolitan railways in substitution of steam. 

The only electric railway now working in London (viz., the City and South 
London) does not seem to fulfil the conditions demanded by the very heavy 
suburban traffic of the metropolis. It has, however, been in a certain measure 
successful, as indicating the possibilities of electric traction on railways and the 
economy to be effected by the use of iron.tubular tunnels following the lines of 
street at a sufficient depth below the surface to avoid sewers and pipes and dis- 
turbances to property. The result is that several bills have been promoted during 
the last session of Parliament for the construction of similar lines in various 
directions. One of the most important of these is the proposed Great Northern 
and City Railway, froma point near Finsbury Park station, on the Great Northern 
Railway, to Finsbury Circus. It differs from the others in that it is intended to 
run the ordinary passenger trains from the main line of the Great Northern 
Railway to the heart of the City without change of carriage. To do this it is 
obvious that electric engines of much greater power are required than those at 
present in use on the City and South London Railway. It is claimed for this 
engine that it would fulfil all the conditions which this line demands, whilst, if 
made ona smaller scale, it would be more economical for working the traffic of 
the other lines referred to than those at present in use. 

It is proposed to work ona central rail similar to that used in the ‘ Fell’ 
system, and to arrange the electric motors vertically, so that the driving wheels 
may be horizontal. The necessary adhesion is to be obtained by means of springs, 
which press the driving wheels against each side of the central rail. One great 
advantage afforded by this arrangement is that it enables the electric motors to be 
kept constantly running, even when the engine is stationary, thus avoiding the 
great loss of power incidental to the starting of the engines now in use. A friction 
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wheel is interposed between each electric motor and its corresponding driving 
wheel in such manner that they can all be thrown in and out of gear at the 
pleasure of the driver. 

The electric motors, which are the most delicate part of the machine, are 
carried on a platform supported by the springs, and consequently are not subject to 
the shocks caused by inequalities of the road. 

Another advantage of this type of engine is that it can be constructed of any 
reasonable size, and may therefore be far in excess of the power of the largest 
steam locomotive, which is limited by the size of the boiler, The dead weight , 
also of this engine would be considerably less in proportion to that of the steam 
locomotive, as the tractive force is obtained by gripping the central rail, and not 
by gravity. It is especially applicable to lines where the gradients are steep. 


6. Coin-cownting Machine at the Royal Mint. 
By Lieut. W. B. Basset, RN. 


It was originally the practice to make up the bronze coinage when ready to be 
sent out from the Mint into parcels of detinite value after they had been ‘told 
up’ by the scale in the manner well known to bankers, without actually counting 
the number. This plan was, however, found to lead to uncertainty, since it 
requires considerable accuracy to finish coins of exactly equal weight to each 
other. 

Although the average weight of bronze coins is correct it might occur that the 
aggregate error in a parcel of 1,000 or 1,200 coins would amount to the weight of 
several pence. 

In order to avoid this discrepancy it became necessary to count the bronze 
coins instead of weighing them, the usual quantity contained in one bag being 5/. 
worth, or 1,200 pence. 

The counting has for many years been effected mechanically in two ways. 
In the first method a man held before him a flat tray, of about 100 square inches 
area, lined with a brass plate, this plate having in it a number of circular recesses, 
each capable of receiving and holding a coin. In this tray he placed a quantity 
of coins, and after shaking them level he threw out the upper layer, leaving a 
certain number of coins in the recesses of the plate. After filling up any recesses. 
that might be vacant he inverted the tray, allowing the coins, which would be of 
a known number, to fall out. The operation was then repeated. This method is: 
rather slow and laborious, although very certain, and a step in advance was taken 
by the construction of a machine having a thin steel plate, rotated by hand, with 
holes in it disposed in two circles. A tube or hopper is fixed over each circle of 
holes, with its mouth just clear of the rotating plate, and these tubes are filled up: 
with coins lying flat on each other, thus feeding themselves into the holes in the 
plate as it revolves, and dropping out before completing a revolution. The machine 
is stopped by an automatic catch as soon as the plate has revolved a certain 
number of times. These machines, which were constructed by Messrs. James 
Watt & Co., of Birmingham, are still in use, and have worked well for a number 
of years; but a certain amount of trouble and manual labour are required to keep 
up the supply of coins to the feeding tubes, and the machine which is the subject 
of this paper has been designed to work with less labour on the part of the 
attendants than was formerly the case, as well as ensure a greater rapidity. 

This machine has now (July 1892) been working at the Royal Mint for six 
months with satisfactory results. It is capable of counting pence at the rate of 
fifty per second, or 3,000 per minute, or four bags, each worth 5/., in about one 
and a half minute, which corresponds to one ton of copper coinage in forty-five 
minutes. 

The machine consists of four separate counters, each of which can be worked 
independently of the other three. They are placed in pairs, two on the right hand 
and two on the left, upon a platform or stage, so as to allow head room for an 
attendant below, thus economising floor space. The coins are brought in a quantity 
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of a ton at a time upon a trolly, and are contained in bags of half a hundredweight 
each. Four of these bags are placed upon the cage of a lift, which raises them 
autematically to such a position that two attendants above can remove them to 
flat tables, one on each side, upon which they are empticd, and the coins, being 
spread out, are fed down by hand to a slanting table, where they lie, one coin 
deep, with their rims touching, a flat superimposed cover preventing the possibility 
of one coin overlapping another. 

From this table they are allowed to move out one at a time, along a groove or 
channel, the width of one coin, and, being inclined at an angle of 45°, they pass by 
gravity between the edges of two driving wheels, which are actuated by an electro- 
motor, and which grip the coins as they arrive, forcing them with considerable 
pressure along the groove. Each coin thus pushes the one in front of it, until they 
reach a wheel, which is so arranged that its teeth fit into the spaces between the 
coins, and which is driven round by the coins as they pass it. ‘his is called the 
counting wheel, since it shows by its revolutions the number of coins that have 
been delivered. Wheels with teeth of ditferent pitch can be substituted for count- 
ing coins of different sizes. 

The coins having thus registered themselves fall through a tube into a bag 
piaced at a convenient height from the floor. 

The counting wheel, above mentioned, is allowed to revolve until it has de- 
livered a certain number of coins; it is then stopped automatically, and at the same 
instant the driving wheels, higher up in the groove, are released from acting upon 
the coins, and cannot again be brought into action until a lever is moved by an 
attendant. In the meantime the bag containing 1,200 pence, or 5/. worth, has been 
remoyed, and a fresh bag substituted. 

The principal advantage of this method of counting is that an intermittent 
supply of coins docs not affect the accuracy of the count, since if the supply of 
coins to the driving wheels ceases from any cause the only result is that the wheel 
stops, and, until a fresh coin starts it, it remains stationary. 

The machine at the Mint is capable of counting pence, halfpence, piastres, 
half-piastres, and Hong Kong cents, and it counts on an average over two million 
coins per month without error, 


7. Antifriction Materials for Bearings used without Lubricants. 
By Kiutincworrn Hepaes, IM. Inst.C.#. 


The use of oil as a lubricant in machines is to separate the rubbing parts so as 
to prevent the interlocking of the metallic particles of the bearings. Heavy 
lubricants effect this separation better than those of a more limpid kind, but 
absorb more power. 

The actual composition of the metal forming the bearing makes little difference, 
provided oil in sufficient quantity can be introduced. This is proved by the little 
wear shown on the cast-iron bearings used for shafting. The use of oil involves 
loss of power when the pressure per square inch on the bearing is very low, 
Professor Coleman Sellers considering that even up to 50 Ib. on the square inch 
the viscidity of the unguent acts asa sensible retardant. Dry bearings, or those 
in which no lubricant is required, although only recently introduced into modern 
work, were probably the original type of bearings, as they were used in the 
Roman mill-stones found at Pompeii! and up to the present day for all the bear- 
ings in the Nubian water-wheels employed for irrigation work in Egypt. In the 
present time bearings of stone, adamas, and glass have been tried, also a variety 
of mixtures of plumbago, but none was so successful as the sulid form of graphite 
bearing, which was often employed by millwrights for the footsteps of shafts. A 
modification has recently been reintroduced into the United States, where the 
latest form of dry bearing is composed of plumbago mixed with wood fibre and 
pressed when in a moist condition into suitable moulds. This bearing has been 
highly praised by the Committee of the Franklin Institute, who state that ‘dry 


? Clarke, Pompeii, vol. ii. p. 136. 
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bearings not only diminish the first cost of construction, but lessen the cost of 
personal attention, and show a great saving in working cost.’ 

Many experiments by the author led to the introduction of a material known 
as carboid, composed of finely powdered carbon mixed with steatite, the mixture 
having the advantages of plumbago as regards lubricating properties, but showing 
little signs of wear after tests extending to two years’ constant use. 

Professor Sellers finds that the coefficient of friction with the dry bearings he 
experimented on was lower than with metal bearings as usually operated, and 
points out the advantage they possess of having a constant frictional resistance 
whether the bearing is ran warm or cold, so that the friction can be provided for 
in the power. Professor Unwin’s experiments with carboid show that the co- 
efficient is independent of the area of contact, and only increases if the temperature 
becomes excessive, but not with increased pressure, and tends to diminish with 
increased speed. 

General Deductions.—First cost of a dry bearing used for shafting or ordinary 
machinery is less than with the usual brass or patent metal bearing, and, besides 
the economy shown by the absence of lubricants, there is saving in the wages 
required for oiling and cleaning ; and in trades where unskilled labour is employed 
the risk of oiling machinery in motion is entirely obviated ; also in mills the drip 
from oil-cups, besides damaging goods, renders the floors highly inflammable. 

Applications of Carboid.—Up to the present time these have been principally 
for shafting and the bushing of loose pulleys; also for steam-heated rolls such 
as are used in cloth factories and paper mills. It has been shown experimentally 
that it can be adapted for use in axle-boxes of tramway cars and for light rolling 
stock generally, the existing brass being either replaced or a carboid liner 
cemented in. 


8. Notes on the Design of Steam Generators especially alapted for High 
Pressures.' By B. H. Tuwarre, C.L., F.C.8., of Liverpool, 


The increasing and laudable desire of engineers to obtain a higher efficiency 
from their thermo-dynamic motors and steam-generating equipment has directed 
attention more particularly to the defects and large margin for improvement in the 
steam generators of the Cornish, Lancashire, and Marine types. 

These types the author, in bis analysis, unavoidably condemns, and shows that 
in their design effects of a thermo-chemical and thermo-physical nature, of high 
importance, are ignored. These effects, he explains, are responsible for the reduc- 
tion of the strength integrity of the joints, and consequent safety of the steam 
boiler, and cause structural defects and weakness, requiring constant attention. 

The irregular method of heat application in these internal flue-boilers, specified, 
is criticised, and the result of careful tests in this connection are recorded. 

The author formulates a series of axioms that he considers should be respected 
by the designers of steam-generators, but especially those requiring to withstand 
very high-working pressures. 

The author submits designs of high-pressure safety steam-generators, in which 
the formulated canons of design of a perfect steam-generator are applied as far as: 
practicable. 

The designs submitted are boilers constructed by Messrs. Clark, Chapman & 
Co., Gateshead, and are of the class known as the tubular type, designed so as to 
permit the highest pressures to be obtained with safety and with comparatively 
light metallic proportion of constructional parts. 

Smokeless combustion arrangements are described, and methods by which 
perfect erosive or scale removal circulation is established, and also arrangements 
by which a certain flexibility of heating surface is obtained, so as to permit of free 
dilatation or expansion of the transmitting elements of the steam generator. 


? The paper is published in Industries, vol. i, 1892. 
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9. The Strength of Small Chains. 
By Professor H. Here-Saaw, W.Inst.0. 2. 


The author has frequently found the result of using small chain most unsatis- 
factory. 

In the first place, no small chain which he has been able to procure seemed to 
give a reasonable amount of strength in proportion to its weight and the tensile 
strength of the material. 

In the second place, no maker will usaally give any guarantee of strength 
below a certain size—generally {ths of an inch—although in some special cases 
-makers will guarantee the strength as low as j inch. 

Below ;3;ths of an inch no strengths are ever quoted in textbooks, engineering 
pocket-books, or hooks of engineering reference. 

The results are then given of an examination of various well-known books 
concerning this subject. 

From these data, which are not very satisfactory in themselves, it is seen that 
there are no results for chain of less than ;3. inch diameter; whereas enormous 
quantities of chain under this size are made and sold. 

Recently a numerous series of tests on the strength of small chain have been 
made in the Walker Engineering Laboratory. These tests include all sizes of 
chain up to 3 inch diameter that could be obtained either in shops or from whole- 
sale makers. 

The result of these tests is given in five tables, under the following heads :— 

Table I., Single Jack; Table I., Double Jack; Table III., Ordinary Welded ; 
Table [V., Triumph (American) ; Table V., Miscellaneous (Brazed and Odd-size 
Welded). 

In every size three tests of ultimate strength were made, the results of which, 
in lbs., haye been recorded, the average being given in auother column, These 
tables of results have been plotted in a diagram exhibited, giving the areas in 
square inches as absciss and the strength in lbs. as ordinates. It will be seen 
that the want of uniformity in results is sufficient to explain why no values for 
strength are given by the makers, and why the recorded results in books differ so 
much. Nevertheless there is sufficient agreement to justify the following rules 
being used to give an approximate idea of strength, though, of course, for working 
purposes a large factor of safety must be employed :— 


Let P = Working strength in lbs. 
A = Area in square inches. 
C = Constant. 
Then (Ps 9 (Cras 
The constants are as follows :— 
Kind of Chain Cc 
(1) Single Jack . ‘ : Paice 
(2) Double Jack ? 5 U2 ALOS 
(3) Welded : ; : bine 10" 
(4) Triumph : ; ; -« LO'x:10* 


These results are easily remembered. and, as was seen from the lines drawn 
on the diagram representing the formule, give values well below the average 
strength, and may fairly be taken with the proper factur of safety—say 4—uas the 
working strength of the chain. 

The chief effect to be noticed is the extraordinary strength of the new Ameri- 
can chain, which, on an average, is twice as strong for every corresponding size as 
the English Welded Chain; five times as strong as the Double Jack Chain; and 
nearly eleven times as strong as the Single Jack Chain; and, in most cases, gave 
way, not asin the case of the Jack Chain and Welded Chain at the joints, but 
in the material itself. 

A further experiment was made of twisting a piece of iron wire into the form 
of the American link, and then testing the link and afterwards the wire itself, 
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when it was found that the strength of the link was about 1? time the strength 
of a single section of the iron wire from which it was made. 

The author understands that this chain is not yet manufactured in this country, 
but steps are being taken to introduce the machines necessary for the purpose. 
Specimens of various kinds of chain were exhibited to the Section. 

The author acknowledges the assistance of Mr. W. KE. Kerslake, Assistant 
Lecturer in the Walker Engineering Laboratories, in making the tests and 
preparing the diagrams, 


TUESDAY, AUGUST 9, 
The following Papers were read :— 


1. Dredgers. By A. Brown, 


2. Note on Motors used for og Signals in the Northern Lighthouse Service. 
By Davw A. Stevenson, B.Sc., F.R.S.H., M.Inst.C.E. 


The paper points out the growing necessity and importance of fog signals on our 
coast. Details are then given of the duration of fog in this country, the maxi- 
mum number of hours in Scotland being 395 hours per annum. 

The most powerful sound signal in use is stated to have been found by experi- 
ment and practice to be the ‘Siren,’ actuated by compressed air. The various 
motors are then described; namely, motion of sea by waves and tide, manual 
labour, clockwork, steam engines, hot-air engines, gas engines, and oil engines. 
Examples of each are given in detail, and their relative advantages and disadvan- 
tages discussed. In conclusion the author states in his view the best motor for 
fog signal purposes yet tried is undoubtedly the oil engine, and concludes by point- 
ing out how feeble and unreliable at their best are, and must be, fog signals which 
appeal to the ear, and states that, in his opinion, the solution of the matter will 
probably be found in the adoption of some such method as that recently proposed 
by Mr. Charles A. Stevenson, namely, an electric cable or conductor laid down off 
a coast or danger, so as to act on an instrument attached to each vessel, and so 
warn the sailor of his proximity to it, and therefore to the coast or danger. 


3. On the Progress of the Dioptric Lens as used in Lighthouse Illumination. 
By Cuartes A. Stevenson, B.Sc. F.R.S.EL., MInst.0.E. 


Fresnel, in 1820, devised and constructed a lens for first-order lights of 920 mm. 
focal distance. It was composed of a central lens, with refracting prisms con- 
centric with it, which gradually decreased in breadth as they receded from the 
centre. The separate pieces of which these lenses were made up were cemented 
together and mounted in metallic frames 80 inches square. 

In 1835 the late Mr. Alan Stevenson introduced the Fresnel apparatus into 


_ Great Britain. In doing so he made several improvements, one of which was that 


he increased the height of the lens from 30 to 39 inches. This refractor had eight 
prisms above and eight prisms below the central lens. Since that time Alan 
Stevenson’s lens was almost universally used until a comparatively recent date, 
when a revolution in the size of lenses took place. A few yearsago inventors were 
trying to obtain greater power by increasing the diameter and volume of the 
flames; but Messrs. Stevenson pointed out, in 1869, that after a certain point an 
increase of diameter of the luminary not accompanied by a corresponding increase 
of the radius of the apparatus was a mistake, as the light became exfocal and 
hence divergent, and that the proper way to secure greater power was to enlarge 
the diameter of the apparatus. In 1885 they hada lens made to their design of 
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1,330 mm. focal distance, and a height of 5 feet. This lens, which was named 
‘hyper-radiant,’ was tried at the South Foreland against other lenses, and with a 
large ten-ring gas burner it was found to give a light from one and a half to twice 
as intense as the ordinary lenses which were pitted against it with the same large 
burners in their foci, thus proving conclusively that to get the power out of large 
burners it was imperatively necessary to increase the diameter of the apparatus. 
In 1883 Messrs, Stevenson got an offer from Messrs. Barbier for a lens of 1,840 mnz. 
focal distance. 

All refracting lenses from the day of Alan Stevenson were cylindrical for fixed 
lights, and plano-convex for revolving lights, and no alteration of any moment has 
been made in the mode of their construction until 1886, when, instead of making 
the lenses cylindrical or plano-convex, I proposed to give them a spherical form— 
that is to say, circular not only in the horizontal but also in the vertical section. 
This design was carried into practice in the apparatus for one of the Fair Isle 
lighthouses. Tbe introduction of the spherical refractor has made practicable the 
construction of very much larger and, consequently, more powerful apparatus, and 
occupying much less space both in the daylight size and diameter of lantern. It 
has rendered practicable the quadrilateral arrangement with hyper-radiant lenses 
which have already been erected at Fair Isle, the lenses being cut so as to give two 
fiashes from each side of the quadrilateral. An experimental one, made for Mr. 
Wigham, is to be tried in Ireland. It is 2 m. focal distance, and the spherical 
refractor is 7 ft. 6 in. in diameter, and will give one flash from each side of the 
quadrilateral. The spherical refractor should not be carried too tar above the focal 
plane, and equiangular prisms should then be employed. 


4, Smoke-consuming Apparatus. By A. R. SENNETT. 


5. A System of Purifying the Smoke from Domestic and other Fires. 
By Colonel E. Duuter. 


This process consists in mixing the smoke as it leaves the flue with a small 
guantity of steam, generated in a boiler forming part of the kitchen range. 

The mixed steam and smoke pass into an open chamber, the top part of 

which is provided with a number of pipes, placed in the direction of the prevailing 
wind, through which the air passes and helps to cool the gases. At the extreme 
top of this chamber, just before passing into the atmosphere, the gases are met by 
a very fine shower of water issuing from minute holes in a pipe. 
' The result of this treatment is a very thorough washing of the smoke, and the 
almost complete removal of all solid matters (soot and dust) and a large proportion 
of the sulphurous acid always present in coal smoke. The removal of the soot and 
dust is so perfect that a piece of wet cotton held in the issuing gases remains 
perfectly white even after a lengthened exposure. 

The amount of steam required is small, and may be neglected in an estimate of 
the cost of working the process, as it is generated by means of heat which would 
not otherwise be available for any useful purpose. The only item of cost to 
consider is that of water. The amount used in the apparatus at Sloane Gardens is 
found to be about ten gallons per hour ; this includes the condensed water from the 
steam. 

This apparatus treats the smoke from a large kitchen range burning about 
20 Ib. of coal per hour, but it is capable cf treating the smoke from several such 
fires. It is important to notice that the draught is not sensibly impaired by the 
apparatus, any slight retarding of the flow of the gases being more than com- 
pensated by the action of the jet of steam. 

The results of a number of experiments with the apparatus at atmospheric 
temperatures varying from 92° Fahr. (33°°3 C.) in the shade (part of the time the 
apparatus was exposed to direct sunshine) to 50° Fahr. (10° C.) showed that 
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almost the whole of the soot was removed and a considerable proportion of the 
sulphurous acid. 

It may be mentioned that the apparatus is exceedingly simple to work, being 
in fact almost automatic. 


6. The London Sewage Question. By CrawrorD Bartow, B.4., M.L.0.E, 


The following observations and suggestions are made on the assumption that 
the recommendations of the joint report of Sir B. Baker and Mr. Binnie are car- 
ried out. This report advises that two new intercepting sewers shall be con- 
structed, one north and the other south of the Thames, which are to discharge at 
the present outfalls; and it suggests that a decision in respect to the question of 
disposal shall be postponed until the present arrangements have been tested. 

A considerable reduction of the difficulties will be effected if the volume of the 
liquid to be dealt with is reduced, say, by conveying some of the rain direct to the 
river. Suggestions of somewhat similar character have been already considered 
and condemned on account of the great cost and interference with private property, 
but an arrangement whereby a partial separation of rain from sewage (to be 
accomplished by conducting the rain off roads, open spaces, squares, parks, public 
buildings, &c., direct to the river) would, while being effective, avoid these objec- 
tions. 

There are certain old sewers which were constructed in times past in the 
yalleys and hollows, and were made of large dimensions, so as to be able to convey 
the flood waters to the river before the main drainage system was designed. 

Five of these—the Ranelagh, the King’s Scholars Pond, and the Fleet on the 
north side of the Thames, the Falcon and the Effra on the south—are capable of 
discharging large volumes of liquid, and, in fact, are the ones which now chiefly 
relieve the main drains in times of heavy rains. ‘ 

- To utilise these for carrying off rain water only, intercepting sewers could be 
constructed on each side of them, to be connected with the nearest main drainage 
sewers, and the rainfall from all the neighbouring streets could be conveyed by 
small conduits into these great carriers, and so direct to the river. Also new con- 
duits could be constructed for taking off rain water only to the river. 

The great advantage of such an arrangement is, that the liquid so conveyed 
would involve no further expense, whereas if the same liquid were conveyed by 
intercepting sewers to the outfalls it would, in consequence of its mixture with 
sewage, have to be chemically treated, and the resulting sludge removed. 

The main objection to the present system is the discharge of sewage into the 
riyer—either by storm overflows or in the form of effluent or sludge. 

The dry weather quantity of sewage is given at the present time as 180,000,000 
gallons per diem, but when the proposed new intercepting drains are completed the 
total amount of sewage discharge at Barking and Crossness will be close upon 
300,000,000 gallons per diem, and the resulting effluent must produce most dis- 
astrous results to the river for miles on each side of the outfalls. 

The amount of sludge is at the present time 40,000 tons per week, but when 
these new arrangements come into operation it will be increased to 70,000 tons (of 
which 7,000 tons is absolutely solid matter), and the deposition of this amidst the 
sandbanks at the mouth of the Thames will most assuredly affect the width, depth, 
and position of the navigable channels there, and thereby cause obstruction to the 
navigation, with the great probability of deposits of sewage mud being formed on 
all the shoals and shores in the neighbourhood. 

In dealing with thisquestion neither Londoners nor the many other persons who 
are interested in the sanitary condition of the river should permit the London County 
Council to depart in any way from the recommendations of the Royal Commission 
of 1884, that is to say, that they shall not allow them to discharge any effluent 
into the river nearer London than Hole Haven, or to deposit sludge anywhere ex- 
cept in the open sea; and as these conditions will involve an enormous expense 
fresh considerations should be given to a land treatment, especially as Berlin, 
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Paris, and many other cities have adopted this method (and according to the latest 
accounts) with great success. . 

Land treatment would be best effected by pumping up the sewage from the 
north side at Abbey Mills to an elevation of about 50 or 60 feet above ordnance 
datum, and conveying it by a conduit passing along the contour; an area of land 
of over 50,000 acres would be thus available for the selection of farms. The 
termination of this conduit might be made either at Hole Haven or at some con- 
venient place on the river Crouch, and there such liquid as was not used on the 
land could be disposed of either chemically or in any other manner thought advis- 
able. 

It is to be borne in mind that if a portion of the rain is carried direct to the 
river, as has been suggested, the liquid in the sewers will be less in quantity and not 
so variable, whilst it will be more concentrated, and hence better suited for placing 
on land. 

In Sir B, Baker’s and Mr. Binnie’s report one of the suggestions for the future 
alleviation of the discharge of sewage into the Thames at the present outfalls is the 
construction of a new outfall sewer from Barking to Shell Haven. 

If some modification were made in the laying out of this, it could be arranged 
for a commencement of a land treatment. 

The London ratepayers are not so much affected by the unsanitary condition 
of the river as other persons and interests outside the boundary of the London 
County Council’s jurisdiction ; consequently it would seem that the London sewage 
system should be controlled by a trust or corporation which should include 
representatives of all the different and various interests which are affected by the 
disposal of the London sewage; such as the ratepayers of London (represented by 
the London County Council), the traders, dockowners, shipowners, manufacturers 
(represented by the London Chamber of Commerce), and residents along the 
shores of the river, and all who are affected by the sewage. 

With regard to the important question of ways and means, in addition to the 
amount which the London County Council can procure from the ratepayers, a 
further revenue might be obtained by taxing all persons, manufacturers, dock and 
ship owners who foul the river in any way. Such arrangement would doubly assist 
to purify the Thames. 


7, City Sanitation as practically conducted in Edinburgh. 
By Joun Cooper, Assoc.M.Inst.0.H. 


The intention of the author in submitting this paper is to give a short review, 
chiefly from an engineering standpoint, of the sanitary equipment of the city of 
Edinburgh, and the methods which have been and are being pursued by the civic 
authorities for the health, comfort, and convenience of the community. 

I. Edinburgh: its population; area; public parks; density of population; 
death-rate; administrative and executive machinery; rateable value; taxes. 

II. Edinburgh and district water supply; composition of Board of Water Trust ; 
short account of successive schemes of supply ; sources, area, and amount of supply ; 
quality of water; extent to which water is used for sanitary purposes; description 
of additional supply proposed. (Illustrated with maps.) 

III. The sewage systems of Edinburgh; the physical advantages of Edinburgh 
for efficient drainage and sewage disposal; natural divisions and outlets; kind of 
sewers ; gradients ; amount of sewage discharged daily ; points of discharge; sewage 
as applied to land by surface irrigation; Craigentinny meadows; short account of 
same; methods of application of sewage; crops; profits; costs of attendance; amount 
of outlay during the last ten years in forming large sewers and sewage outfalls, 
&e. (Illustrated with maps.) 

IV. Water of Leith purification and sewerage scheme ; the insanitary condition 
of this river owing to pollution landward and urban, and its effect upon Edin- 
burgh and Leith; the principles of the purification scheme presently being carried 
out; composition of the Board of Commissioners charged with the carrying out 
of the scheme; the extent and nature of the works; cost of same; how levied ; 
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beneficial results from a sanitary point of view; and to the amenity of the districts 
through which the river flows. (Illustrated with maps.) 

V. Drainage and sanitary appliances of dwelling-houses ; advantages derived in 
having advanced sanitarians in Town Council; measures adopted for securing 
freedom from risks of faulty drainage or defective sanitary appliances ; methods 
of inspection; sources of complaints; evidence of appreciation on the part of the 
citizens of the services of Sanitary Department; extent to which this inspection 
earried out during the last ten years; cost of same; further statutory powers 
acquired in 1891; extent of increase of new houses during the last five years; 
inspection and certification of said new houses. 

VI. Edinburgh slums; characteristics; past schemes of city improvements ; 
necessity for Dr. Chambers’s scheme, 1867; cost and beneficial results; methods 
adopted by Town Council in following up Dr. Chambers’s scheme ; work of volun- 
tary societies in aid of work of Town Council; results; necessity for further 
improvement ; proposals for new city improvement schemes; account of various 
schemes for providing houses for working classes. 

VI. Methods of collection ; removal and disposal of city refuse ; staff; present 
means of disposal; new method by cremation in course of preparation. (Illustrated 
with map and plans.) 

VIII. General remarks on the growing requirements of city life. 


8. On the Extinction of Fires in Ships’ Holds. By H. C. Carver. 


It is pointed out in the paper that the conditions peculiar to fires in ships’ 
holds and on land respectively differ widely, and that methods of extinction 
valuable in the one case are comparatively useless in the other. Examples of this 
are cited. 

It is practicable to establish throughout a ship’s hold a plenum of an artificial 
atmosphere deadly to fire; and if such a plenum be maintained long enough to 
allow the heated materials of a fire to cool down to below their temperature of 
ignition, the fire peril will be subdued with certainty. Unless, however, a plenum 
of the artificial atmosphere be maintained, there is danger of fresh air leaking into 
the hold, and keeping the fire alive. 

Numerous plans have been devised for putting into ships’ holds fire-annihilating 
ba produced by chemical reaction, in quantities altogether insufficient for esta- 

lishing a plenum. It appears to the author that such plans are unsatisfactory, 
not only owing to the failure to produce a plenum in the holds, but also because 
shipowners would be unwilling to have their vessels constantly burdened with a 
supply of special reagents large enough to yield a continuous production of gas for 
days together. 

Owing to these objections, the author thinks that the efficient protection of 
vessels against hold fires by the injection of an artificial atmosphere would be, 
commercially speaking, impracticable, were there no means, other than the 
employment of special chemical reagents, available for the purpose. 

Fortunately, in steamers at least, there are other means, always ready to hand, 
which meet the requirements quite satisfactorily. For the boiler furnace fumes 
are a fire-annihilating medium ; and the yolume of these, flowing to waste from a 
steamer at sea, is largely in excess of what is required for maintaining a plenum in 
a hold. 

An apparatus applicable to steamers is described, for abstracting a sufficient 
quantity of furnace fumes from their ordinary passages to the air, for cooling the 
fumes by water to a temperature of 80° to 90° Fahr,, and for forcing them into 
the holds through pipes. The apparatus has no moving parts, and is set in action 
by merely turning on three valves. 

The character of the apparatus, the unfailingness of the fumes supply, and the 
efficacy of the fumes against fire combine to render the system a thoroughly 
dependable one. 

The apparatus is so arranged that it can also be used for rapidly yentilating a 
hold in an emergency. 
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Tugs and salvage steamers can be fitted with the apparatus to protect other 
vessels in port. 

Sailing vessels not having donkey boilers require a modified type of the 
apparatus, embracing a furnace in which to burn coal for the production of fumes. 

Examples are cited of the employment of furnace fumes in extinguishing fires. 

Allusion is made to the frequent practice of using steam against fires in steamers’ 
holds, and the author states his views regarding the capabilities of this system, 
arguing that, though it is of great value in many cases, it cannot be relied on with 


certainty. ' 
9. On a new Form of Steam Brake for Locomotives. 
By Wit1am Cross, C.L. 


It is not known who was the originator of the plan of fitting a small steam 
cylinder to relieve and assist the fireman in the hard manual labour of ‘ setting the 
brakes,’ but so obvious a device was scarcely likely to have escaped attention even 
in the early days of locomotive engineering. Though the arrangement was ex- 
ceedingly simple and powerful it was soon found to possess many grave disadvan- 
tages, the chief of these being the difficulty of properly graduating the action so as 
to pull up the train steadily without jerk, and the impossibility of keeping an even 
pressure in the cylinder for any length of time as required when descending long 
grades. Various forms of reducing valves have been tried from time to time, but 
to the best of the writer's knowledge none of these has proved very satisfactory 
or reliable in practice. For these reasons it was found the fireman always pre- 
ferred to use the hand brake, on the action of which he could rely, only using the 
steam brake in cases of emergency, with the then great probability of either being 
too late to be of any service, or of its not working properly on account of disuse. 

Tt seemed to the writer that the only way to make a steam brake of real value 
would be to fit it in such a way that the men were compelled to use it every time 
they applied the hand brake, and to make its action coincide with that of the latter 
in such manner that the further the handle was pulled round, the harder the 
steam brake would go on, and vice versd. 

The practical way}in which this idea is carried out consists in arranging a 
floating lever or hunting screw between the usual vertical rod of the hand brake 
and the valve controlling the steam supply of the steam brake cylinder in such a 
way that, as the man commences to turn the handle to put on the hand-brake, he 
admits steam to the brake cylinder ; but the piston of the latter, so soon as it com- 
mences to move, cuts off its own supply through the agency of the floating lever. 
Tf, therefore, he continues to turn the handle, the piston moves in exact accordance 
with it until the maximum available steam pressure is reached; if ke now still 
continues to turn, the hand brake comes into action in the ordinary manner, and 
this latter also takes place if the steam were altogether shut off from the brake 
cylinder at the boiler. 

The action thus nearly resembles that used in steam steering gear, gun training 
gear, steam reversing gear, &c., and has been aptly described as ‘making a thing 
move two ways at the same time.’ 


10. On a new Form of Gas Engine. By Josuru Day, A.M.Inst.C.L. 


For practical purposes it may be assumed that all gas engines are worked on 
one of two systems or cycles, viz., that of Beau de Rochas, involving an impulse 
every other revolution, and that under which an impulse is obtained at every 
revolution. The former has been made so world-renowned by the Messrs, Crossley 
that no long explanation is needed. Suffice it to say that in an engine constructed 
upon this cycle the piston acts alternately as a pump and asa motor. The only 
objection that can be urged against this system is that as only every other stroke of 
the engine is available for useful work, the proportions and magnitude of the engine, 
as compared with an engine doing work at each stroke, must be as 2:1. 
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Further, there is the necessity for equalising the power thus intermittently 
given off by means of a heavy fly-wheel. 

Several attempts have been made to obtain a satisfactory engine upon the other 
cycle, viz., that under which impulse is obtained at every revolution. This result 
was accomplished by the old type of Stockport engine, by Mr. D. Clerk’s engine, 
and others; but in all these engines a second cylinder was provided in which a 
supplementary piston did the work alternately done by the working piston in 
the cycle first referred to. 

This led to complication and loss of efficiency, and the principle has, speaking 
generally, been abandoned. 

With the object of combining the advantages of both systems the writer 
developed and completed the engine now known as the ‘ Day’ gas engine. 

In this engine simplicity has been the principal object sought, and it is difficult 
to see how a gas engine could be made to work with simpler or fewer parts. 

The construction of the engine is as follows :— 

The piston is of the trunk form, and through a connecting rod works on to the 
erank pin. The crank works in an inclosed chamber, the crank shaft projecting 
through a boss bearing, terminating in a gland. 

On the upward stroke of the engine it is obvious that a partial vacuum is 
produced by the retreat of the piston, and this vacuum is taken advantage of to 
induce a flow of gas and air, in controlled proportions, into the crank chamber 
through an automatic reflex action valve. It is equally clear that on the down- 
ward movement of the piston the mixture thus introduced is compressed—in 
practice, it is compressed to about 2 lb. to the inch—and by this means is 
possessed of sufficient motive power to charge the working end of the cylinder. 
This is accomplished by the following device :—Communicating from the crank 
chamber to the lower part of the working end of the cylinder is a port or passage, 
and this is closed by the piston until the latter, at the end of its stroke, uncovers 
it. Immediately the gas mixture, being compressed as explained, flies up through 
the passage and charges the cylinder; the piston returns, closes the port, com- 
presses the mixture in the usual way against an ignition tube, and an explosion 
results, causing the descent of the piston. The exhaust of the waste products is 
accomplished by the opening of a somewhat similar port communicating to the 
atmosphere opposzte the inlet port above described, which is opened by the piston 
slightly in advance of the opening of the inlet port. Thus, when the incoming 
charge is admitted, the explosion in the cylinder has been reduced to atmospheric 
pressure. The incoming charge is made to assist in the clearance of the waste 
products by its being diverted upwards by a fin on the top of the piston, and thus 
setting up an eddying action, tending to drive out the contents of the cylinder 
through the open exhaust port. Thus it will be seen that with one piston and 
oné cylinder an impulse is obtained at every revolution of the engine. It will also 
be apparent that the engine will run with equal facility and efficiency in either 
direction. 

The speed obtainable is very great, there being no tappets, cams, or levers, 
and in a small engine as much as 1,100 revolutions per minute have been obtained. 
At this speed firing was irregular, but at 500 revolutions the explosions were 
absolutely regular. 

For the same reason the engine runs extremely quietly. 

The writer claims to have produced an engine— 


(1) With fewer working parts than any other. 

(2) That occupies less space. 

(83) That without any alteration will run in either direction, 

(4) That, owing to the absence of friction, possesses a high degree of 
mechanical efficiency. 

(5) That runs more silently than any other gas engine. 


886 REPORT—1892. 


Section H.—ANTHROPOLOGY. 


PRESIDENT OF THE SECTION—ALEXANDER Macatisrer, M.D., F.R.S., Professor of 
Anatomy in the University of Cambridge. 


THURSDAY, AUGUST 4. 
The PRESIDENT delivered the following Address :— 


On an irregular. and unfenced patch of waste land, situated on the outskirts of 
a small town in which I spent part of my boyhood, there stood a notice-board 
bearing the inscription ‘ A Free Coup,’ which, when translated into the language 
of the Southron, conveyed the intimation, ‘rubbish may be shot here.’ This place, 
with its ragged mounds of unconsidered trifles, the refuse of the surrounding 
households, was the favourite playground of the children of the neighbourhood, 
who found a treasury of toys in the broken tiles and oyster-shells, the crockery 
and cabbage-stalks, which were liberally scattered around. Many a make-believe 
house and road, and even village, was constructed by these mimic builders out of 
this varied material, which their busy little feet had trodden down until its 
undulated surface assumed a fairly coherent consistence. 

Passing by this place ten years later I found that its aspect had changed; 
terraces of small houses had sprung up, mushroom-like, on the unsavoury founda- 
tion of heterogeneous refuse. Still more recently I notice that these in their turn 
have been swept away, and now a large factory, wherein some of the most 
ingenious productions of human skill are constructed, occupies the site of the 
original waste. 

This commonplace history is, in a sense, a parable in which is set forth the 
past, present, and possible future of that accumulation of lore in reference to 
humanity to which is given the name Anthropology, and for the study of which 
this Section of our Association is set apart. At first nothing better than a heap of 
heterogeneous facts and fancies, the leavings of the historian, of the adventurer, 
of the missionary, it has been for long, and, alas! is still, the favourite playground 
of dilettanti of various degrees of seriousness. But upon this foundation there is 
rapidly rising a more comely superstructure, fairer to see than the original chaos, 
but still bearing marks of transitoriness and imperfection, and I dare hazard the 
prediction that this is destined in the course of time to give place to the more solid 
fabric of a real science of anthropology. 

We cannot yet claim that our subject is a real science in the sense in which 
that name is applied to those branches of knowledge, founded upon ascertained 
laws, which form the subjects of most of our sister Sections; but we can justify 
our separate existence, in that we are honestly endeavouring to lay a definite and 
een foundation upon which in time to come a scientific anthropology may be 

ased. 

The materials with which we have to do are fully as varied as were those in 
my illustration, for we as anthropologists take for our motto the sentiment of 
Chremes, so often quoted in this Section, humani nihil a nobis alienum putamus, 
and they are too often fully as fragmentary. The bones, weapons, and pottery 
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which form our only sources of knowledge concerning prehistoric races of men, 
generally come to us as much altered from their original forms as are the rusty 
polyhedra which once were the receptacles for biscuits or sardines. The tradi- 
tions, customs, and scraps of folk-lore whick are treasures to the constructive 
anthropologist are usually discovered as empty shells, in form as much altered 
from their original conditions as are those smooth fragments of hollow white 
cylinders which once held the delicate products of the factory of Keiller or Cairns. 

T have said that anthropology has not yet made good its title to be ranked as 
an independent science. This is indicated by the difficulty of framing a definition 
at the same time comprehensive and distinctive. Myr. Galton characterises it as 
the study of what men are in body and mind, how they came to be what they 
are, and whither the race is tending; General Pitt-Rivers, as the science which 
ascertains the true causes for all the phenomena of human life. I shall not try to 
improve upon these definitions, although they both are manifestly defective. On the 
one side our subject is a branch of biology, but we are more than biologists compiling 
a monograph on the natural history of our species, as M. de Quatrefages would 
have it. Many of the problems with which we deal are common to us and to 
psychologists ; others are common to us and to students of history, of sociology, of 
philology, and of religion ; and, in addition, we have to treat of a large number of 
other matters esthetic, artistic, and technical, which it is difficult to range under 
any subordinate category. 

In view of the encyclopedic range of knowledge necessary for the equipment 
of an accomplished anthropologist, it is little wonder that we should be, as we 
indeed are, little better than smatterers. Its many-sided affinities, its want of 
definite limitation, and the recent date of its admission to the position of an 
independent branch of knowledge have hitherto caused anthropology to fare badly 
in our universities. In this respect, however, we are improving, and now in the 
two great English universities there are departments for the study of the natural 
history of man and of his works. 

Out of the great assemblage of topics which come within our sphere I can only 
select a few which seem at present to demand special consideration. The annual 
growth of our knowledge is chiefly in matters of detail which are dull to chronicle, 
and the past year has not been fertile in discoveries bearmg on those great 
questions which are of popular interest. 

On the subject of the antiquity of man there are no fresh discoveries of serious 
importance to record. My esteemed predecessor at the Leeds meeting two years 
ago, after reviewing the evidence as to the earliest traces of humanity, concluded 
his survey with the judgment, ‘On the whole, therefore, it appears to me that the 
present verdict as to Tertiary man must be in the form of “ Not Proven.”’ Sub- 
sequent research has not contributed any new facts which lead us to modify that 
finding. The most remarkable of the recent discoveries under this head is that of 
the rude implements of the Kentish chalk-plateau described by Professor Prest- 
wich ; but while these are evidently of archaic types, it must be admitted that 
there is even yet room for difference of opinion as to their exact geological age. 

Neither has the past year’s record shed new light on the darkness which 
enshrouds the origin of man. What the future may have in store for us in the 
way of discovery we cannot forecast ; at present we have nothing but hypothesis, 
and we must still wait for further knowledge with the calmness of philosophic 
expectancy. : 

I may, however, in this connection refer to the singularly interesting observa- 
tions of Dr. Louis Robinson on the prehensile power of the hands of children at 
birth, and to the graphic pictures with which he has illustrated his paper. Dr. 
Robinson has drawn, from the study of the one end of life, the same conclusion 
which Mr, Robert Louis Stevenson deduced from the study of his grandfather, 
that there still survive in the human structure and habit traces of our probably 
arboreal ancestry. 

Turning from these unsolved riddles of the past to the survey of mankind as it 
appears to us in the present, we are confronted in that wide range of outlook with 


many problems well-nigh as difficult and obscure. 
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Mankind, whenever and however it may have originated, appears to us at 
present as an assemblage of tribes, each not necessarily homogeneous, as their 
component elements may be derived from diverse genealogical lines of descent. 
It is much to be regretted that there is not in our literature a more definite 
nomenclature for these divisions of mankind, and that such words as race, people, 
nationality, tribe, and type are often used indiscriminately as though they were 
synonyms, 

In the great mass of knowledge with which we deal there are several collateral 
series of facts, the terminologies of which should be discriminated. In the first 
place there are those ethnic conditions existing now, or at any other point in time, 
whereby the individuals of mankind are grouped into categories of different com- 
prehension, as clans or families, as trzbes or groups of allied clans, and as nations, 
the inhabitants of restricted areas under one political organisation. This side of 
our subject constitutes ethnology. 

In the second place, the individuals of mankind may be regarded as the 
descendants of a limited number of original parents, and consequently each person 
has his place on the genealogical tree of humanity. As the successive branches 
became in their dispersion subjected to the influences of diverse environments, they 
have eventually differentiated in characteristics. To each of these subdivisions 
of the phylum thus differentiated the name race may appropriately be restricted, 
and the sum of the peculiarities of each race may be termed race-character's. 
This is the phylogenetic side of anthropology, and its nomenclature should be 
kept clearly separate from that of the ethnological side. The great and growing 
literature of anthropology consists largely of the records of attempts to discover 
and formulate these distinctive race-characters. Race and tribe may be terms of 
equal extension, but the standpoint from which these categories are viewed is 
essentially different in the two cases. 

There is yet a third series of names in common use in descriptive anthropology. 
The languages in use among men are unfortunately numerous, and as the com- 
ponent individuals in each community usually speak a common language, the 
mistake is often made of confounding the tribal name with that of the tribal 
language. Sometimes these categories are co-extensive; but it is not always so, 
for it is a matter of history that communities have been led to adopt new languages 
from considerations quite independent of phylogenetic or ethnic conditions. These 
linguistic terms should not be confounded with the names in either of the other 
series, for, as my learned predecessor once said in a presidential address, it is as 
absurd to speak of an Aryan skull as it would be to say that a family spoke a 
brachycephalic language. 

In the one clan there may be, by intermarriage, the representatives of different 
races; in the one nation there may be dissimilar tribes, each derived by composite 
lines of ancestry from divergent phyla, yet all speaking the same language. 

We have an excellent illustration of the confusion resulting from this disregard 
of precision in the case of the word Celtic, a term which has sometimes been 
employed as an ethnic, sometimes as a phylogenetic, and sometimes as a linguistic 
species. In the last-named sense, that to which I believe the use of the name 
should be restricted, it is the appropriate designation of a group of cognate languages 
spoken by peoples whose physical characters show that they are not the descendants 
of one common phylum in the near past. There are fair-haired, long-headed 
families in Scotland and Ireland; fair, broad-headed Bretons ; dark-haired, round- 
headed Welshmen; and dark-haired, long-headed people in the outer Hebrides, 
McLeans, ‘Sancho Panza type’—men obviously of different races, who differ not 
only in colour, stature, and skull-form, but whose traditions also point to a com- 
posite descent, and yet all originally speaking a Celtic tongue. The use of the 
word Celtic as if it were the name of a phylogenetic species has naturally led to 
hopeless confusion in the attempts to formulate race-characters for the Celtic 
skull—confusions of a kind which tend to bring physical anthropology into dis- 
credit. Thus Retzius characterises the Celtic crania as being dolichocephalic, and. 
compares them with those of the modern Scandinavians. Sir Daniel Wilson 
considers the true Celtic type of skull as intermediate between the dolichocephali 
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and the brachycephali; and Topinard figures as the typical Celtic skull that of an 
Auvergnat, extremely brachycephalic, with an index of 85! 

Our traditional history tells that we, the Celtic-speaking races of Britain, are 
not of one common ancestry, but are the descendants of two distinct series of 
immigrants, a British and a Gaelic. Whatever may have been the origin of the 
former, we know that the latter are not homogeneous, but are the mixed 
descendants of the several Fomorian, Nemedian, Firbolg, Tuatha de Danaan, and 
Milesian immigrations, with which has been combined in later times a strong 
admixture of Scandinavian blood. It is now scarcely possible to ascertain to 
which of these component strains in our ancestry we owe the Celtic tongue which 
overmastered and supplanted the languages of the other tribes, but it is strictly in 
accordance with what we know of the history of mankind that this change should 
have taken place. We have instances in modern times of the adoption by conquered 
tribes of the language of a dominant invading people. For example, Mr. Hale has 
lately told us that the speech of the Hipas has superseded the languages of those 
Californian Indians whom they have subdued. In like manner, nearer home, 
the English language is slowly but surely supplanting the Celtic tongues them- 
selves. 

We may here parenthetically note that what has been observed in the case of 
language has also taken place in reference to ritual and custom, Observances 
which have a history and a meaning for one race have, in not a few instances, been 
adopted by or imposed upon other races to whom they have no such significance, 
and who in incorporating them give to them a new local colour. These pseudo- 
morphs of the earlier cultures are among the most perplexing of the problems 
which the student of comparative religion or folk-lore has to resolve. 

But we want more than a perfect nomenclature to bring anthropology into range 
with the true sciences. We need a broader basis of ascertained fact for inductive 
reasoning in almost all parts of our subject; we want men trained in exact method 
who will work patiently at the accumulation, verification, and sorting of facts, and 
who will not prematurely rush into theory. We have had enough of the untrained 
writer of papers, the jerry-builder of unfounded hypotheses whose ruins cumber our 
field of work. 

The present position of our subject is critical and peculiar ; while on the one 
hand the facilities for anthropological research are daily growing greater, yet in 
some directions the material is diminishing in quantity and accessibility. We are 
accumulating in our museums treasures both of the structure and the works of man, 
classified according to his distribution in time and space; but at the same time 
some of the most interesting tribes have vanished, and others are rapidly disap- 
pearing or becoming fused with their neighbours. As these pass out of existence 
we, with them, have lost their thoughts, their tongues, and their traditions; for 
even when they survive, blended with other races, that which was a religion has 
become a fragmentary superstition, then a nursery tale or a child’s game, and is 
destined finally to be buried in oblivion. The unifying influences of commerce, 
aided by steam and electricity, are effectually effacing the landmarks between 
people and people, so that if we are to preserve in a form fit for future use the 
shreds which remain of the myths, folk-lore, and linguistic usages of many of the 
tribes of humanity, we must be up and doing without delay. It is on this account 
that systematic research such as that which Mr. Risley has advocated with regard 
to the different races of India is of such pressing and urgent importance. It is for 
this reason likewise that we hail with pleasure the gathering of folk-lore while yet 
it survives, and welcome such societies for the purpose as the Folk-lore Congress 
recently inaugurated. 

I have said that in the department of physical anthropology our facilities for 
research are increasing. The newly founded anthropometric laboratories are 
beginning to bring forth results in the form of carefully compiled statistical tables, 
embodying the fruits of accurate observations, which are useful as far as they go. 
Were these extended in their scope the same machinery might easily gather parti- 
culars as to the physical characters of the inhabitants of different districts, which 
would enable the anthropologist to complete in a systematic manner the work 
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which Dr. Beddoe has so well begun. I would commend this work to the 
consideration of the provincial university colleges, especially those in outlying 
districts. 

Of all the parts of the human frame, the skull is that upon which anthro- 
pologists have in the past expended the most of their time and thought. We have 
now, in Great Britain alone, at least four collections of skulls, each of which includes 
more than a thousand specimens, and in the other great national and university 
museums of Europe there are large collections available for study and comparison. 

Despite all the labour that has been bestowed on the subject, craniometric 
literature is at present as unsatisfactory as it is dull. Hitherto observations have 
been concentrated on cranial measurements as methods for the discrimination of 
the skulls of different races. Scores of lines, arcs, chords, and indexes have been 
devised for this purpose, and the diagnosis of skulls has been attempted by a pro- 
cess as mechanical as that whereby we identify certain issues of postage-stamps 
by counting the nicks in the margin. But there is underlying all these no unify- 
ing hypothesis, so that when we, in our sesquipedalian jargon, describe an Atstra- 
lian skull as microcephalic, phzenozygous, tapeino-dolichocephalic, prognathic, 
platyrhine, hypselopalatine, leptostaphyline, dolichuranic, chameeprosopic, and 
microseme, we are no nearer to the formulation of any philosophic concept of the 
general principles which have led to the assumption of these characters by the 
cranium in question, and we are forced to echo the apostrophe of Von Torok, 
‘ Vanity, thy name is Craniology.’ 

It was perhaps needful in the early days of the subject that it should pass 
through the merely descriptive stage ; but the time has come when we should seek 
for something better, when we should regard the skull not as a whole complete in 
itself, nor as a crystalline geometrical solid, nor as an invariable structure, but as a 
marvellously plastic part of the human frame, whose form depends on the co-opera- 
tion of influences, the respective shares of which in moulding the head are capable 
of qualitative if not of quantitative analysis, Could measurements be devised 
which would indicate thenature and amounts of these several influences, then, indeed, 
would craniometry pass from its present empirical condition and become a genuine 
scientific method. We are yet far from the prospect of such an ideal system, and 
all practical men will realise the immense, but not insuperable, difficulties in the 
way of its formulation. 

In illustration of the profound complexity of the problem which the craniolo- 
gist has to face, I would ask your indulgence while I set out a few details to show 
the several factors whose influence should be numerically indicated by such a mode 
of measurement. 

The parts composing the skull may be resolved into four sets: there is, first, 
the brain-case ; secondly, the parts which subserve mastication and the preparation 
of the food for digestion ; thirdly, the cavities containing the organs of the senses 
of hearing, sight, and smell; and, fourthly, those connected with the production 
of articulate speech. If our measurements are to mean anything, they should give 
us a series of definite numbers indicating the forms, modifications, and relative 
- of these parts, and their settings with regard to each other and to the rest of 
the body. 

To take the last point first, it needs but a small consideration to show that the 

arts of the skull are arranged above and below a certain horizontal plane, which 
is definite (although not easily ascertained) in every skull, human or animal, This 
is the plane of vision. The familiar lines of Ovid— 


Pronaque cum spectent animalia cetera terram, 
Os homini sublime dedit ; coelumque tueri 
Jussit, et erectos ad sidera tollere vultus— 


are anatomically untrue, for the normal quadruped and man alike, in their most 
natural position, have their axes of vision directed to the horizon. Systems of 
measurement based upon any plane other than this are essentially artificial. 
There are at the outset difficulties in marking the plane accurately on the 
skull, and it is to be deplored that the anthropologists of different nations should 
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hhave allowed themselves to be affected by extraneous influences, which have 
hindered their unanimous agreement upon some one definite horizontal plane in 
craniometry. 

The Frankfort plane drawn through the upper margins of the auditory foramina 
and the lowest points of the orbital borders has the advantage of being easily 
traced, and differs so little from the plane of vision that we may without substantial 
error adopt it. 

The largest part of the skull is that which is at once the receptacle aad the 
protector of the brain, a part which, when unmodified by external pressure, prema- 
ture synostosis, or other adventitious conditions, owes its form to that of the cere- 
bral hemispheres which it contains. Speaking in this city of George and Andrew 
Combe, I need not do more than indicate in this matter that observation and 
experiment have established on a firm basis certain fundamental points regarding 
the growth of the brain. The study of its development shows that the convolu- 
tioning of the cerebral hemisphere is primarily due to the connection, and different 
rate of growth, of the superficial layer of cells with the underlying layers of white 
nerve fibres; and that, so far from the shape being seriously modified by the con- 
straining influence of the surrounding embryonic skull, the form of the soft mem- 
branous brain-case is primarily moulded upon the brain within it, whose shape it 
may however be, to some extent a secondary agent in modifying in later growth. 
We have also learnt that, although in another sense from that of the crude 
phrenology of Aristotle, Porta, or Gall, the cerebrum is not a single organ acting 
as a functional unit, but consists of parts, each of which has its specific province ; 
that the increase in the number of cells in any area is correlated with an increase 
in the size and complexity of pattern of the convolutions of that area; and that 
this in turn influences the shape of the enclosing shell of membrane and subse- 
quently of bone. 

The anatomist and the physiologist have worked hand in hand in the delimitation 
of these several functional areas, and pathology and surgery have confirmed what 
experimental physiology has taught. The topography of each part of the cerebrum, 
80 important to the operating surgeon, should be pressed into the service of the 
anthropologist, whose measurements of the brain-case should have definite relation 
to these several areas, In the discussion which is to take place on this subject, I 
hope that some such relationships will be taken account of. This is not the place 
to work out in detail how this may be done; I only desire to emphasise the funda- 
mental principle of the method. 

The second factor which determines the shape of the individual skull is the size 
of the teeth, That these differ among different races is a matter of common 
observation ; thus the average area of the crowns of the upper-jaw teeth in the 
male Australianis 1,536 sq. mm., while in the average Englishman it is only 1,286 
sq. mm., less than 84 per cent. of that size.’ 

It is easy to understand how natural selection will tend to increase the size of 
the teeth among those races whose modes of feeding are not aided by the cook or 
the cutler; and how, on the other hand, the progress of civilised habits, assisted by 
the craft of the dentist, interferes with the action of selection in this matter among 
the more cultured races. 

For larger teeth a more extensive alveolar arch of implantation is necessary ; 
and as the two jaws are commensurately developed, the lower jaw of the macro- 
dontal races exceeds that of meso- or micro-dontal races in weight. Thus that of 
a male Australian exceeds that of the average Englishman in the proportion of 
100 : 91. 

To work this heavier jaw more powerful muscles are needed. In the average 
well-developed Englishman with perfect teeth the weight of the fleshy portion of 
the great jaw-muscles, masseters, and temporals is 60 grammes, while the weight 
of those as ascertained in two Australians was 74 grammes. 

Correlated with this greater musculature a sharper definition of the areas for 
the attachments of the jaw-muscles is required. The muscular fascicles are approxi- 


1 These and the succeeding averages are from my own measurements, taken from 
never less than ten individual cases. 
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mately of uniform size in both microdonts and macrodonts, as the range of motion 
of the jaw differs little in different races; but when the skull is smaller on account 
of the smaller size of the brain which it contains, the temporal crest ascends higher 
on the side-wall. In the average Englishman the temporal crests at their points 
of greatest approximation anteriorly across the brows are 112 mm. apart, but in 


the Australian they are only separated by 103 mm.: the interstephanic distances: 


in these two are respectively 132 and 114 mm. 
The more powerful stroke of the mandibular teeth upon the anvil of the upper- 
jaw teeth in macrodonts renders necessary a proportionally stronger construction 


of the bases of support for the upper alveolar arch. In any skull this arch requires: 


to be solidly connected to the wall of the brain-case to which the shock of the 
impact is ultimately transmitted, and in order to protect from pressure the deli- 
cate intervening organs of sight and smell, the connection is accomplished by the 
reversed arches of the infraorbital margins with their piers, malar and maxillary, 
founded on the frontal angular processes. These foundations are tied together by 
the strong supraorbital ridge, so that the whole orbital edge is a ring, made up of 
the hardest and toughest bone in the skeleton. 

A twofold modification of this arrangement is required in the macrodont skull. 
The bony circum-orbital ring becomes stronger, especially along its lateral piers ; 
and also as the alveolar arch is longer, and consequently projects farther forward, 
its basis of support must be extended to meet and bear the malar and maxillary 
piers. But macrodonts are often microcephalic, and therefore the frontal region of 
the skull must be adjusted to form a foundation for this arch. In the average 
English male skull, held with its visual axes horizontal, a perpendicular dropped 
from the anterior surface of the fronto-nasal suture will cut the plane of the 
alveolar arch between the premolar teeth or through the first premolar. In an 
Australian skull the perpendicular cuts the horizontal plane at the anterior border 
of the first molar teeth. 

It is obvious, therefore, that to ensure firmness the piers of the arches must be 
obliquely set ; hence the jaw is prognathous; but it is also needful that the supra- 
orbital arcade should be advanced to meet and bear these piers, as the mandibular 
stroke is always vertical. 

But the inner layer of the skull is moulded on the small frontal lobes of the 
brain, so this forward extension must affect only the much thicker and tougher 
outer table of the skull, which, at the period of the second dentition, here separates 
from the inner table, the interval becoming lined by an extension of the mucosa of 
the anterior ethmoidal cell. In this way an air-space, the frontal sinus, is formed, 
whose development is thus directly correlated to the two factors of brain development 
and size of the teeth. If the frontal lobes are narrow in a macrodont skull, then 
the foundations of the outer or malar piers of the orbital arch must be extended 
outwards as well as forwards, the external angular process becoming a prominent 
abutment at the end of a strong low-browed supraorbital arch, whose overhanging 
edge gives to the orbital aperture a diminished vertical height. 

The crania of the two most macrodont races of mankind, Australian and 
African, differ in the relation of the jaw to the frontal bone. In the microcephalic 
Australian the maxilla are founded upon the under side of the shelf-like projec- 
tion of the outer table of the frontal, which juts out as a buttress to bear it. On 
the other hand, the nasal processes of the mesocephalic negro ascend with greater 
obliquity to abut on the frontal, and have, by their convergence, crushed the nasal 
bones together, and caused their coalescence and diminution. 

The crania of the two most microcephalic races present distinctive features of 
contrast along the same lines. The Bushman’s skull is usually orthognathous, 
with a straight forehead and a shallow fronto-nasal recess, while the Australian 
skull is prognathous with heavy overhanging brows. These conditions are 
correlated to the mesodontism of the Bushman and the macrodontism of the 
Australian respectively. 

In the course of the examination of the relations of brain development to skull 
growth, some interesting collateral points are elicited. The frontal bone grows 
from lateral symmetrical centres, which medially coalesce, union taking place 
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usually between the second and sixth years of age. It has been noticed by 
anthropologists that metopism, as the anomalous non-union of the halves of this 
bone has been termed, is rare among microcephalic races, occurring only in about 
1 per cent. among Australian skulls. Increased growth of the frontal lobes 
as the physical accompaniment of increased intellectual activity interposes an 
obstacle to the easy closure of this median suture, and so in such races as the 
ancient Egyptian, with a broader forehead, metopism becomes commoner, rising 
to 7 per cent. In modern civilised races the percentage ranges from 5 to 10. 
In following out the details of this enumeration, 1 have spoken as if the micro- 
dontal condition had been the primary one, whereas all the available evi- 
dence leads to show that the contrary was the case. The characters of all the 
early crania, Neanderthal, Engis, and Cromagnon, are those of macrodonts. The 
progress has been from the macrodont to the microdont, as it probably was from the 
microcephalic to the macrocephalic. 

The effects of the variations in size of the teeth are numerous and far-reaching. 
The fluctuation in the weight of the jaw depending on these variations has an 
important influence on the centre of gravity of the head, and affects the set of the 
skull on the vertebral column. ‘This leads to a consequent change in the axes of 
the occipital condyles, and it is one of the factors which determines the size of the 
neck-muscles, and therefore the degree of prominence of the nuchal crests and 
mastoid process. 

As the teeth and alveolar arches constitute a part of the apparatus for 
articulate speech, so these varieties in dental development are not without con- 
siderable influence on the nature of the sound produced. The necessarily larger 
alveolar arch of the macrodont is hypseloid or elliptical, more especially when 
it has to be supported on a narrow frontal region, and this is associated with a 
more extensive and flatter palatine surface. This, in turn, alters the shape of 
the mouth cavity and is associated with a wide flat tongue, whose shape par- 
ticipates in the change of form of the cavity of which it is the floor. The mus- 
culature of the tongue varies with its shape, and its motions, upon which articular 
speech depends, become correspondingly modified. For example, the production 
of the sharp sibilant ‘s’ requires the approximation of the raised flexible edge 
of the tongue to the inner margins of the teeth behind the canines, and to the 
palatine margin close behind the roots of the canine and lateral incisor teeth. 
This closes the vocal tube laterally, and leaves a small lacuna about 5 mm, wide 
anteriorly, through which the vibrating current of air is forced. A narrow strip 
of the palate behind the medial halves of the median incisors bounds this lacuna 
above, -and the slightly concave raised tongue-tip limits it below. ' 

With the macrodont alveolar arch, and the correspondingly modified tongue, 

sibilation is a difficult feat to accomplish, and hence the sibilant sounds are 
practically unknown in all the Australian dialects. 
_ It is worthy of note that the five sets of muscular fibres, whose function it is to 
close laterally the flask-like air-space between the tongue and the palate, are much 
Jess distinct and smaller in the tongues of the Australians which I have examined 
than in the tongues of ordinary Europeans. 

There is a wide field open to the anatomical anthropologist in this investigation 
of the physical basis of dialect. It is one which requires minute and careful work, 
but it will repay any student who can obtain the material, and who takes time 
and opportunity to follow it out. The anatomical side of phonology is yet an 
imperfectly known subject, if one may judge by the crudeness of the descriptions 
of the mechanism of the several sounds to be found even in the most recent text- 
books, As a preliminary step in this direction we are in urgent need of an appro- 
priate nomenclature and an accurate description of the muscular fibres of the 
tongue. The importance of such a work can be estimated when we remember that 
there is not one of the 260 possible consonantal sounds known to the phonologist 
which is not capable of expression in terms of lingual, labial, and palatine muscu- 
lature. 

The acquisition of articulate speech became possible to man only when his 
alveolar arch and palatine area became shortened and widened, and when his 
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tongue, by its accommodation to the modified mouth, became shorter and more- 
horizontally flattened, and the higher refinements of pronunciation depend for 
their production upon more extensive modifications in the same directions. 

I can only allude now very briefly to the effects of the third set of factors, the 
sizes of the sense organs, on the conformation of the skull. We have already noted 
that the shape and the size of the orbital opening depend on the jaw as much as on 
the eye. A careful set of measurements has convinced me that the relative or 
absolute capacity of the orbital cavity is of very little significance as a character- 
istic of race. The microseme Australian orbit and the megaseme Kanakan are 
practically of the same capacity, and the eyeballs of the two Australians that I 
have had the opportunity of examining are a little larger than those of the average 
of mesoseme Englishmen. 

The nasal fossee are more variable in size than the orbits, but the superficial area 
of their lining and their capacity are harder to measure, and bear no constant pro- 
portion to the size of their apertures, because it is impossible without destroying 
the skull to shut off the large air sinuses from the nasal fossee proper for purposes of 
measurement. Thus the most leptorhine of races, the Esquimaux, with an average 
nasal index of 437 has a nasal capacity of 55 c.cm., equal to that of the platy- 
rhine Australian, whose average is 54°5, and both exceed the capacity of the lepto- 
rhine English, which average about 50c.cm. There is an intimate and easily 
proved connection between dental size and the extent of the nasal floor and of 
the pyriform aperture. 

These are but a few of the points which a scientific craniometry should take 
into consideration. There are many others to which I cannot now refer, but which 
will naturally occur to the thoughtful anatomist. 

In this rapid review of the physical side of our subject the study of these 
race-characters naturally suggests the vexed question as to the hereditary trans- 
mission of acquired peculiarities. This is too large a controversy for us now 
to engage in, but in the special instances before us there are grounds for the 
presumption that these characters of microdontism and megacephaly have been 
acquired at some stage in the ancestral history of humanity, and that they are 
respectively correlated, with diminution of use in the one case, and increase of 
activity in the other. It is a matter of observation that these qualities have be- 
come hereditary, and the point at issue is not the fact, but the mechanism, of the 
transmission. We know that use or disuse affects the development of structure 
in the individual, and it is hard to believe that the persistent disuse of a part 
through successive generations does not exercise a cumulative influence on its 
ultimate condition. 

There is a statement in reference to one of these characters which has gained 
an entrance into the text-books, to the effect that the human alveolar arch is 
shortening, and that the last molar tooth is being crowded out of existence. I 
have examined 400 crania of men of the long and round-barrow races, Romano- 
British and early Saxon, and have not found among all these a single instance of 
absence of the third molar or of overcrowded teeth. On the other hand, out of 
200 ancient Egyptian skulls 9 per cent. showed displacement or disease, and 14 per 
cent. showed the want of one molar tooth. Out of 200 modern English skulls there 
was no third molar tooth in 1 per cent. So far this seems to confirm the current 
opinion. 

i Yet the whole history of the organism bears testimony to the marvellous per- 
sistence of parts in spite of contumely and disuse. Take, for example, the present 
position of the little toe in man. We know not the condition of this digit in 
prehistoric man, and have but little information as to its state among savage 
tribes at the present day; but we do know that in civilised peoples, whose feet 
are from infancy subjected to conditions of restraint, it is an imperfect organ— 

Of every function shorn 
Except to act as basis for a corn. 


In 1 per cent. of adults the second and third joints have ankylosed; in 3 per 
cent. the joint between them is rudimentary, with scarcely a trace of a cavity; in 
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20 per cent. of feet the organ has lost one or more of its normal complement of 
muscles. But though shorn of some of its elements, and with others as mere 
shreds, the toe persists, and he would be a bold prophet who would venture to 
forecast how many generations of booted ancestry would suffice to eliminate it 
from the organisation of the normal man. 

Nevertheless, although it is difficult to demonstrate, in the present imperfect 
state of knowledge, the method whereby race-characters have originated, I 
think that the most of our anthropologists at least covertly adopt the philosophy 
of the ancient proverb,‘ The fathers have eaten sour grapes and the children’s 
teeth are set on edge.’ 

But there are other branches of anthropology of far greater interest than 
these simple problems upon which we have tarried so long. The study of 
man’s intellectual nature is equally a part of our subject, and the outcomes of 
that nature are to be traced in the tripartite record of human progress which we 
call the history of culture. It is ours to trace the progress of man’s inventions 
and their fruits in language and the arts, the direct products of the human 
mind. It is also ours to follow the history of man’s discovery of those secrets 
of nature to the unfolding of which we give the name of science. The task 
is also ours to inquire into that largest and most important of all sections of the 
history of culture which deals with the relation of human life to the unseen world, 
and to disentangle out of the complex network of religion, mythology, and ritual 
those elements which are real truths, either discovered by the exercise of man’s 
reason, or learnt by him in ways whereof science takes no account, from those 
adventitious and invented products of human fear and fancy which obscure the view 
of the central realities. In this country it matters less that our time forbids us 
to wander in these fascinating fields wherein the anthropologist loves to linger, 
as the munificent benefaction of Lord Gifford has ensured that there shall be an 
annual fourfold’ presentation of the subject before the students of our Scottish 
universities. There is no fear that interest in these questions will flag for want of 
diversity in the method of treatment or of varieties in the standpoints of the 
successive Gifford lecturers. 

From the ground of our present knowledge we can but faintly forecast the 
future of anthropology, when its range is extended by further research, and when 
it is purged of fancies, false analogies, and imperfect observations. It may be that 
there is in store for us a clearer view of the past history of man, of the place and 
time of his first appearance, of his primitive character, and of his progress. But 
has this knowledge, interesting as it may be for its own sake, any bearing on the 
future of mankind? Hitherto growth in knowledge has not been accompanied 
with a commensurate increase in the sum of human happiness, but this is probably 
due to the imperfection which characterises even our most advanced attainments. 
For example, while the medical and sanitary sciences, by their progress, are 
diminishing the dangers which beset humanity, they have also been the means of 
preserving and permitting the perpetuation of the weaklings of the race, which, had 
natural selection exercised its unhindered sway, would have been crushed out of 
existence in the struggle for life. 

It is, however, of the essence of true scientific knowledge, when perfected, that 
it enables us to predict, and if we ever rise to the possession of a true appreciation 
of the influences which have affected mankind in the past, we should endeavour to 
learn how to direct these influences in the future that they shall work for the pro- 
gress of the race. With such a knowledge we shall be able to advance in that 
practical branch of anthropology, the science of education ; and so to guide and 
foster the physical, intellectual, and moral growth of the individual that he will 
be enabled to exercise all his powers in the best possible directions. And, lastly, 
we shall make progress in that kindred department, sociology, the study of which 
does for the community what the science of education does for the individual. Is 
-it a dream that the future has in store for us such an anthropological Utopia? 
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The following Papers and Reports were read :— 


1. On the Organisation of Local Anthropological Research. 
By EH. W. Brasroox. 


The writer has been authorised by a joint committee of delegates from the 
Society of Antiquaries, the Folklore Society, and the Anthropological Institute 
to communicate to the Section a plan for an ethnographical survey of the United 
Kingdom, by which observations should be made simultaneously in selected 
localities on the ancient remains, the local customs, and the physical characters of 
the people. The delegates would largely rely for assistance in carrying out this 
scheme upon the corresponding societies of the British Association, and an analysis 
of the two hundred or more papers published by such societies in connection with 
the subjects of Section H recorded during the last seven years shows that as many 
as twenty-nine local societies have been engaged in valuable original anthropo- 
logical work. These and other societies, as well as those in union with the Society 
of. Antiquaries, would doubtless be willing to act upon a uniform plan. As mate- 
rials for the formation of such a plan of action the writer refers to Mr, Payne’s 
archeeological survey of the county of Kent, and to those of other counties which 
have already been completed on the same model; to the collection of Gloucester- 
shire Folklore and the ‘Handbook of. Folklore, published by the Folklore 
Society; and to the second edition of ‘ Notes and Queries on Anthropology,’ just 
completed by the Anthropological Institute. He also refers to the reports of the 
Anthropometric Committee, and especially to the scheme for collection of photo- 
graphs, in respect of which Mr. Galton has favoured him with some practical 
suggestions. All these will have to be reduced by the delegates to a brief and 
simple code of instructions, The matter is one that will not brook undue delay, as 
the evidence is fast slipping out of our grasp. 


2. Report of the Anthropometric Laboratory Commuttee. 
See Reports, p. 618. 


3. Report of the Anthropological Notes and Queries Comimuttee. 
See acy ipod p. 537. 


4, Discovery of the Common Occurrence of Paleolithic Weapons in Scotland. 
By Rev. Freperick SMITH. 


The author shows that the opinion of scientific men, with regard to the ques- 
tion of the occurrence of the relics of Paleolithic man in Scotland, is down to the 
present time of a negative character. It is pretty confidently asserted that north 
of a line across the Lower Middle of England ‘ implement-bearing strata’ do not 
occur. 

But from an inspection in 1883 of the alluvial deposits of the South of England 
and North-east France, as well as in a part of the Rhine Valley, he was led to 
infer that it was well-nigh impossible that Palzeolithic man could have been shut 
out of Scotland during the enormous lapse of time represented by the implement- 
yielding strata of the south, This conclusion was based also upon the result of 
eleven years’ observations upon rivers and river phenomena made previous to 1883 
in the valleys of Scotland; and on his return north in that year he determined to 
put to proof the negative opinions regarding this question. This quest has been 
prosecuted now for nine years, with, in the face of general opinion, extraordinarily 
affirmative results, 

He has made systematic research in the soils, with the striking result that in 
the neighbourhood of Perth certain angular stones occur commonly in the soils of 
certain areas, and are entirely absent from others. 
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He has made patient and long-continued search in modern and ancient gravel 
beds, in the beds of existing rivers, in ‘Kame’ deposits, and finally in certain 


. phases of boulder clay; and he finds that each piece of research yielded some 


corroborative evidence, but that the boulder clay—ze., certain characteristic por- 
tions—yield abundant evidence, in the shape of glaciated, broken, and crushed 
specimens of the weapons of Paleolithic man. He believes them to be as common 
in certain ancient soils, and in these certain phases of the boulder clay in Scotland, 
as they are in any areas or deposits in England or France. 

The material in which the weapons mainly occur represents ancient river-accu- 
mulated beds, exact equivalents of those of the Ouse and Thames and Somme 
Valleys, which are characterised by their weapons, and remains of extinct mamma- 
lia; and they were formed in exactly identical circumstances during a long period 
of time, terminated in the north by an inception of glaciers, which did not affect 
such valleys as now contain undisturbed implement- and bone-bearing strata. 
Remains of the mammoth and other extinct forms have been found in the north, but 
the ponderous steps of glaciers down the valleys of mountainous England and 
Scotland cannot have left many recognisable osseous remains. 

The actual tangible results of the author's years of research are the best proof 
of his success in what he undertook to prove. He has collected at least 350 
specimens, which he believes to be definite evidence of the long-continued sojourn 
of Paleolithic man north of the Border; the large majority of these specimens he 
proposed to exhibit at the Association’s meetings in Edinburgh; many of the 
specimens in this collection he considers as characteristic and unassailable as any 
from Southern England or France. 


5. Notes on Cyclopean Architecture in the South Pacific Islands. 
By R. A. STERNDALE. 


6. On a Fronto-limbic Formation of the Human Cerebrum. 
By Dr. L. Manovvrier, Professor at the School of Anthropology, Paris. 


I. Exposition des Faits. 


1°. Quand la premiére circonvolution frontale est doublée longitudinalement, 
la circonvolution du corps calleux reste presque toujours simple, mais d’autant 
plus mince ou étroite que la frontale interne est plus développée en largeur. 

Il existe un véritable balancement entre les deux circonyolutions sous le rapport 
de la largeur. 

2°. Quand la frontale interne n’est pas double longitudinalement et lorsqu’elle 
est en outre peu large, alors apparait trés souvent sur les cerveaux humains bien 


développés un sillon longitudinal dans I’épaisseur de la circonvolution du corps 


ealleux. Ce sillon, que Yon ne trouve pas chez les anthropoides, mais qui existe 
chez divers herbivores titre de complication limbique, réapparait chez l’homme 
comme formation frontale supplémentaire. 

I] peut arriver que ce sillon acquiert un développement tel qu'il a été parfois 
confondu avec la grande scissure sous-frontale de Broca, et que celle-ci a pu étre 
décrite sur certains cerveaux comme étant un simple sillon de dédoublement de la 
circonvolution frontale interne. 

C’est en étudiant le cerveau d’un homme trés distingué (Eugéne Véron) que 
M. Manouvrier a pu saisir, en yvoie de réalisation, cette substitution d’un sillon 
néo-sous-frontal 4 la scissure sous-frontale classique. I] en a observé les divers 
degrés de développement sur une série de cerveaux, et a pu ainsi montrer, sur le 
cerveau du Professeur Adolphe Bertillon la réalisation compléte de la disposition 
morphologique qu’il décrit. 
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IT. Interprétation de ces Faits. 


M. Manouvrier attire d’abord V’attention sur le fait qu'il s’agit 1a de véritables 
compensations au profit du lobe frontal. 

Il rappelle ensuite que Broca a montré l’homologie de la circonvolution du 
corps calleux (gyrus fornicatus) avec une partie du grand lobe limbique et sa 
diminution graduelle dans la série des mammiféres au profit des lobes cérébraux 
adjacents, et plus spécialement chez ’homme au profit du lobe frontal. 

Tl considére done Ja formation fronto-limbique décrite ci-dessus comme in- 
diquant, dans l’éspéce humaine, la phase la plus récente de l’empiétement du lobe 
frontal sur le grand lobe limbique, et comme indiquant une véritable fusion, pro- 
bablement physiologique aussi bien que morphologique, entre ces deux lobes, trés 
vraisemblablement dans le sens d’un perfectionnement frontal et intellectuel. 

Il a constaté le progrés en question du lobe frontal sur tous les cerveaux 
d’hommes plus au moins célébres ou distingués qu'il a pu examiner & Paris. Mais 
il ajoute que les faits sur lesquels il vient d’attirer l’attention sont extrémement 
fréquents et ne sont pas rares méme chez les négres. 


7. The Indo-Europeans’ Conception of a Future Life and its Bearing upon 
their Religions. By Professor G. Hartweitt Jonus, M.A. 


Ina previous paper read in 1891,‘ The Barbaric Elements in Ancient Greece and 
Italy,’ the view was propounded that (a) the Classics were of deep scientific 
interest ; (6) the level of culture among the early Greeks and Italians was low; 
(c) their culture dated from contact with the East; (d) the criteria must be sought 
in archeology, in its widest sense, as much as in the science of language. 

This monograph deals with a section of the above subject, which will, in its 
turn, throw light upon ethnology; only by division of labour and unbiassed 
research can truth be reached in mythology; here the crudest notions of these 
people are discussed. The belief in a future life which is, as Lessing and 
Schopenhauer have said, an integral portion of religion, is deeply rooted and a 
common inheritance of Indo-Europeans, but the richer the endowments of the 
race the nobler its aspirations after immortality. It has been stated by Peschel 
that some negro tribes have no such idea, but then they would equally doubt 
their present existence. The doctrine in some countries was gradually transformed 
or degenerated. 

The different opinions regarding immortality in vogue to-day are not new, for 
even as early as the Vedic hymns are found— 

(1) Deathlessness in thought, in children.—This idea is frequently found in 
Greece, and the survival in posterity is a prominent feature of Roman thought. 
This, however, does not fall within the scope of the present inquiry. 

(2) An actual life beyond the grave possessed peculiar attractions for Indo- 
European races, though they are not agreed upon the sphere in which the dis- 
embodied spirit lived, some looking for it on earth, others in heaven. 

Three heads naturally suggest themselves :— 


I. The connection of body and soul. 
II. The condition of the deceased. 
Ill. The relations between the departed and those left behind. 


I, 


The nature of the soul—tIn primitive times souls are ascribed to the uni- 
verse—the anima mundi—to nymphs of various kinds, to the lower animals, to 
fountains, or trees. Heaven is the sowrce from which the soul of man is derived, 
and to which it returns after purification. As to its creation, it has no corporeal 
element, it was created before the body ; sometimes it is identified with fire. The 
etymology of the ezpressions for soul are instructive, e.g., Sanskrit atindriya, or 
“transcending the senses’; Greek 6uyds, from a root meaning to agitate; so too 
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the notion of ‘air,’ ‘vapour,’ ‘shade.’ Still more common is the idea of ‘ breath.’ 
Its seat is the heart or blood. 

The way in which death was regarded.—At the moment of dissolution, the soul 
escapes through the mouth or nostrils; it leaves with a groan; it passes to the 
ethereal regions. Death is often looked upon as a kind of sleep. Their stotcism in 
the face of death is attested by the frequency of suicide, or of substitution, or the 
prohibition of mourning. This was because, e.g., of the dread of decrepitude, 
assurance of the preservation of the family, frailty of life, and confident hope of a 
life to come. Yet, early language is rich in euwphemistic terms, e.g., to die is 
‘to be missing,’ ‘ to depart,’ and the Goddess of Fate is ‘The Sparing One.’ 


II. 


The character of the spirit-world.—The theory of a future life prevalent in the 
animistic stage is that of continuance, the tastes and occupations being the same as 
in this world, e.g.,even Homer has not outgrown this. But this existence is 
incomplete and dreary; the ghosts gibber and are doomed to silence. 

The influence of this idea upon ritual and belief.—The severance was not com- 
plete, for the welfare of the spirit depended upon the proper treatment of the body ; 
else it wandered disconsolate. (This notion is a leading feature of Indo-European 
mythology.) (a) Hence the observance of rites. At first the body was disposed 
of by inhumation, probably to preserve the identity of the deceased, but in certain 
conditions of life, e.g., during war or the chase, cremation was employed. At least 
a handful of dust had to be sprinkled over the corpse before the spirit could obtain 
repose; its neglect was regarded with horror, The same motive dictated the 
rearing of cenotaphs. 

b) The tomb was constructed on the model of the house; this custom is not 
confined to ‘ Turanians.’ 

(c) The deceased was furnished with all necessaries for his new home, 
attendants and wives, dogs and horses, weapons, clothing, and earthenware. 

The abode of the dead.—(a) The earliest theory is that the soul became 
ethereal, passing into the wind, or fire, or constellations. 

(8) A region somewhere upon earth. The exact locality was uncertain, because 
of the nebulous character of their life, for they followed certain Great Spirits. 

Then the region of d/iss was placed in the West. 

The influence of surroundings is noteworthy here; thus, to the wsthetic mind 
of the Greek such a monotonous existence was repulsive, but it is not likely that 
this was the original conception. At a later period an attempt was made to 
combine these worlds. 

The germs of a theory of recompense and punishment are found early, eg., 
Preyiar may be equated with the Indian Bhrigu (Weber) and Tdprapos with 
taldtala (Benfey), No doubt the idea gained in clearness when they came into 
contact with the Semites. Transmigration, regeneration, and purification belong 
to a later time. 


II. 


The relation between the living and the departed.—In addition to the care taken 
at burial, there was constant communication, e.g., in dreams. ence the respect 
shown to (1) Aindly spirits, like the prtaras, fravasht, manes, &e.—the givers of 
wealth ; (2) the evzd-disposed, like the lemures or larve. This gave rise to ancestral 
worship, and is connected with the sustentation of the family ; children were buried 
under the eaves of houses, and did not need propitiation. Thus the worshippers 
were actuated by (1) fear, (2) sympathy. 
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FRIDAY, AUGUST 5. 
The following Papers and Reports were read :— 


1. Exhibition of Photographs, Weapons, §c., of Toba Indians of the Gran 
Chaco. Dy J. Granam Kerr. 


The specimens exhibited had been obtained from a tribe of the Tobas on the 
banks of the Rio Pileomayo. Amongst weapons the chief were bows and arrows, 
the former being noteworthy from their reinforcement by a backstring. The 
arrows were of cane with long wooden points made of cascarandé. An arrow 
with an iron head was also shown, the head being formed of fencing wire beaten 
out. Other weapons shown were a club made of cascaranda and ashort and highly 
artistic lance of the same material. Amongst other implements was exhibited a 
Toba fire-drill; the method of using it was explained: also several examples of 
the textile productions of the Tobas and a rude sketch of the human figure as 
drawn by a Toba chief. 


2. Exhibition of pre-Paleolithic Flints. By J. Monrcomeris Batu, 


On the heights of the North Downs of Kent, at an altitude of from 600 to 750 
feet, a large series of flints has in the past few years been collected, chiefly by 
Mr. Benjamin Harrison, of Ightham, who first directed attention to them, as 
possessing signs of human handiwork. These flints, if accepted as the work of 
man, possess a peculiar interest, as their age is undoubtedly very great, and their 
general style represents an early stage in human culture. In age they are plainly 
anterior to the River-valleys, because they are found in patches of old gravel-beds 
which lie upon the uneroded plateaus between the valleys which slope northward 
to the Thames. ‘These valleys belong to the Paleolithic or River-valley age; but 
the valleys are eroded out of the plateaus, which form the relics of an older sur- 
face, and may in popular speech be named pre-Paleolithic. 

The peculiarity of the flints exhibited is that they are not shaped into particular 
forms by the will and skill of the workman as Paleolithic flints are. They are 
simply stones taken from the ground, and used almost in the state in which they 
are picked up, only the edges are altered; they are chipped flints rather than 
shaped flints, used tools not made tools. Historically we have relics of such a 
stage in the stones used by the Bushmen and by the Tasmanian, and it is probable 
that such a stage was general in human history. The difficulty in identifying 
flints of this class as having actually been human implements is that they are 
neither flaked nor bulbed: these, the hall-marks of flint work, are absent; they 
have only the marks of use. Hence some authorities have accepted them, and 
others have rejected them. The writer gave the reasons which had convinced him 
of their authenticity, namely, that the chipping is regular and purpose-like, such 
as nature is not likely to have hit upon; it is sometimes within a hollow curve, 
where natural agencies could not act; the edges of many unbulbed flints have far 
more regular marks of wear, which is the true indication of use by man that 
many bulbed flakes possess, whose edges have undoubtedly been used; and lastly, 
there is a sequence in the types which leads into the types of the River-valley 
period: this is especially visible in a series of pear-shaped flints with chipped 
edges similar to, and almost identical in form with, the pear-shaped hache of St. 
Acheul. 


3. The Present Inhabitants of Mashonaland, and their Origin. 
By J. Tueovore Benv. 


The recognised name Makalanga, and its connection with the Portuguese name 
for the Monomatapa people, and further identification of names as given by 
Bocarro and the traces left of Monomatapa towns and villages, are discussed in 
the paper. 
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The Portuguese writer Dos Santos describes the people of Monomatapa much 
as they are to-day. 

Origin of the Makalangas much more obscure, but references to them adduced 
from early Arabian writers prove beyond doubt that a similar people inhabited 
this country 1,000 years ago. 

Customs are still inherent in the race, pointing to external influence. The 
dynastic names of the chiefs, the succession to the chiefdoms. 

The totems of the Makalangas. 

Their religion and monotheistic tendency, sacrifice to ancestors, and sacrifice of 
goats to ward off calamities. 

The burial of their dead. 

The day of rest during the ploughing season, co-operative labours, circumcision, 
aud reference to points which connect them with an Asiatic or northern origin, 

Similar instances produced from private life. The pillows or head-rests. The 
calculating game of is ufuba, The beer they drink—the chief and headmen drink 
first. The thick milk or mast. The Mashona piano. The s¢rigi/—iron sceptre of 
chief—and iron smelting. 

Arab type of countenance and refinement of manner. 


4, The Report of the Mashonaland Committee.—See Reports, p. 538. 


5. On the Value of Art in Ethnology. By Professor A. C. Happon. 


In order to study such an intricate subject as decorative art from the point 
of view of the biologist, it is necessary first to confine one’s attention to savage 
art, where the problems are presented in a simpler form. In taking a definite area 
into consideration, such as British New Guinea, it is found that there are several 
distinct and well-defined artistic provinces. The Torres Straits district is charac- 
terised by the prevalence of straight and angled lines, to the exclusion of curved 
lines, and the representation of animal forms, the latter being associated with 
totemism. In the Gulf district the human face and form are the basis of almost all 
their art. In the Port Moresby district decoration is in the form of panels, and 
mainly straight and angled lines; whereas in the South Cape and Archipelago 
district there is a wonderful richness of design, in which curved lines are 
abundant. It is well known that in this latter district there has been a great 
mixture of race. It would appear that homogeneous peoples have a uniform style 
in their art, but that race mixture tends to varied artistic treatment. It is an 
established dictum in biology that all life comes from pre-existing life, so we may 
assert for savage art, and possibly for that of more civilised peoples, that all 
artistic designs arise from, or are suggested by, natural objects. Savages do not 
invent or create patterns or schemes of ornamentation; the latter are arrived at by 
a kind of almost undirected evolution. 


6. Similarity of Certain Ancient Necropoleis in the Pyrenees and in North 
Britain. By Dr. Punnt, F.S.A. 


In the personal surveys and investigations made by the author in Western 
Europe tradition was often the beacon which led to the most interesting dis- 
coveries. The tradition of St. Patrick driving the serpents, not of Ireland, as 
popularly now expressed, but of Sligo into the Atlantic, whence they returned to 
Donegal, led to the examination of ancient relics very similar to those existing in 
the Pyrenees and in several parts of England and Scotland, which have been 
rendered classical by the Arthurian legends, which legends evidently had existence 
in those localities long prior to the age of the historical Arthur. In the present 
case the author selected Luchon, a spot where the traditions of the Pyrences are 
most concentrated, and where remarkable customs have been till very lately 
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practised, which locality abounds with interments of a peculiar kind more or less 
surrounding a great central mound, serpentine in form, the head of which, evidently 
formerly constructed with a souterrain chamber, has been cut away, and in the 
cavity a small church erected in its place. The walls of this antique little church 
are covered with votive tablets of early Christian and Pagan Roman times; the 
exhumations from the more lofty curvature of the mound, which exhibited deposi- 
tions of chronological sequence, in which earlier successive interments of relics 
and cinerary remains appear always to have been respected by subsequent 
depositors, as shown from the undisturbed relics of earlier date (now to a great 
extent in a local museum), which go back through successive stages of varied 
national occupation from Roman to early Keltic and even less determinable ancient 
times, the relics of which consist of rude pottery and flint chippings. Strange 
rites are still celebrated on the mound and in the surrounding districts by proces- 
sions with banners and chanting, and the locally surrounding interments are so 
arranged that the position of the various very ancient tombs, which are small Kist 
vaens, sometimes only a foot square with cinerary matter covered by single stones 
of rude and insignificant appearance, are frequently an imitation of the sinuosities 
of the great mound which contained the successive layers of relics so recovered. 
The mound appears to a great extent artificial. In his researches in the Pyrenees 
the author was assisted by two well-known antiquaries, and who certified to the 
remarkable facts. Almost all the above features have been discovered by the 
author in certain localities of Somersetshire, Bedfordshire, Argyllshire, and else- 
where. When the author read his first paper on such mounds before the British 
association in Edinburgh in 1871 he had then made no exhumations from any 
such mounds. The great mound, to which his first paper referred, is formed of a 
natural deposit cut into shape, the excised portions being close at hand: it had 
a chamber in the centre of the head made of large blocks of granite, and contain- 
ing a great quantity of burnt bones, wood, and hazel-nuts. It appeared not to have 
been disturbed, and a flint or chalcedony instrument delicately serrated was found. 
This mound also, as well as one in the locality referred to in Ireland, and that in the 
Pyrenees, are distinctly serpentine in form. A large surrounding area is occupied 
by grand cairns varying from ten to sixty feet in diameter; they are arranged like 
the chambers of interment in the Pyrenees in a serpentine form, apparently repeating 
the form of the great mound. The interiors of these cairns also, in each case, 
contain sepulchral chambers or Kist vaens. 


7. A Contribution to the Ethnology of Jersey. 
By Ayprew Dontor, M_D., I.G.S. 


_ The author has examined 239 living persons out of a possible 54,000, choosing 
invariably those which could be ascertained to be pure descendants of the oldest 
established families in the island. The following is the result of the investigation 
as to the colour of eyes and hair in percentages :— 


; Hair 
Eyes ea Light more Total 
ellow Bronk | Brown ene Black 
Blue or grey . 0:40 11-29 20°50 15-06 2:09 49°34 
Mixed . ‘ 0:00 1:25 11°39 10:04 3:70 26°38 
Dark . t 0:00 0°83 5°40 12:97 5:02 24:22 
Total... i 0:40 13:37 37°29 38:07 10°81 99°94 


The author compared his figures with those of Dr. Beddoe, and pointed out 
that, as he feared many of his ‘mixed eyes’ would be considered dark eyes by 
Dr. Beddoe, and light brown hair as brown hair by Dr. Beddoe, the proportion of 
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dark eyes would appear lower, and of fair hair higher, in Jersey than they most 
probably would do under the doctor’s system of classification. Red-haired persons 
are not numerous in Jersey. The average cephalic index of the 239 persons was 
80°5 (the lowest 67-8, and the highest 87:5), equal to Broca’s mesaticephalic class, 
The average height of the 110 males measured was 5 feet 7} inches, but the 
figures of height were not considered reliable. 

The author concluded that the blood of the Jersey people is largely derived 
from the old Celtic aboriginal stock, resembling the populations of the Celtic 
districts of France and Britain, the Teutonic or Scandinavian admixture not 
being large. 


8. On the Past and Present Condition of the Natives of the Friendly Islands, 
or Tonga. By R. B. Leere. 


The author pointed out that there is no inflection of the verb word in its 
conjugation, the tenses and persons being expressed by means of prefixes. Many 
English words are incorporated with the language; every word ends in a vowel, 
and while two vowels may come together this is not allowable with consonants. 
The number of pronouns is large; a dual and plural, inclusive and exclusive, of 
the person addressed exist. The prefix faka- turns the noun into an adjective. 

The natives are purely agriculturists and fishermen, and on one atoll have a 
distinct species of fish upon which they feed. 

The author complained much of the government introduced by the missionaries 
as being one calculated to lessen the happiness of the people to the profit of Man- 
chester manufacturers; for instance, one of the first new laws introduced was one 
enforcing the covering of the body above the waist as well as below. 

Much time is wasted on the laborious manufacture of tupa cloth, which is 
marked with devices to show from what town it emanates, The making of copra 
(dried cocoanut) is also a settled occupation of the people. Canoe building, once 
an art, is fast disappearing, and ‘in this, as in truthfulness, honesty, and morality, 
civilisation is fast doing its work, and spoiling one of the originally finest races 
under the sun.’ 

The natives still cook in their earth-ovens. The nets are now usually of 
European twine, instead of the native fibre aka, To obtain fish by poisoning the 
water is a common method. 

The building of the houses, which is said to have much deteriorated since 
European intercourse, is still above the level of that of most Pacific islanders. 
Scientifically their plan is faultless, strength being afforded where the greatest 
strain comes, and the houses can only be levelled by fire or hurricane, no nails 
being used, but instead thereof the beams, &c., are fastened with cocoanut husk, 
and hence their elasticity. 

The women are well cared for, and, with the exception of the arduous manu- 
facture of the native cloth, have an easy time. In the question of dress and 
morality the author condemned the views of the missionaries. Love, in our sense 
of the word, ending in lasting friendship, is unknown to the natives. The population 
is fast diminishing in numbers. 


9. Damma Island and its Natives. 
By P. W. Basserr-Saitu, Surg. R.N., F.RILS. 


Damma Island is the largest of the Serwati group, in the Banda Sea, and is 
under Dutch protection. As far as the author was able to make out, there were 
two more or less distinct types of people. The first with dark brown skins, coarse 
black hair, either straight or with a tendency to curl, sometimes closely cut ; 
roundish faces and heads, dark eyes, high cheekbones, nose much sunken at the 
base, nostrils dilated, mouth rather large, and lips much misshapen by betel chewing, 
the bolus of which they kept half protruding in a disgusting way ; body with but 
little hair, occasionally a short wiry beard and whiskers; height about 5 ft. 6 in., 
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limbs well formed, ankles and wrists not particularly small, expression quiet and 
rather dull. 

The second a coppery brown, much lighter race, with strong frizzly hair, either 
cut short or standing out in a mop, coloured a rich orange yellow with lime, and 
evidently a great source of pride to them; face oval, eyes dark, sparkling, and full 
of life ; nose aquiline, often slightly hooked at the tip, nostrils wide ; mouth small, 
lips well cut, no hair on the face, at least not when young adults, teeth good; 
expression bright and intelligent, limbs well shaped, rather delicate wrists and 
ankles, average height 5 feet 5 inches or under. Some of these were so graceful 
and handsome as to fill anyone who observed them with admiration; it was not a 
single individual, but many ; and one instinctively made friends, 

The first type we found mostly in the coast villages, the other on the hill 
side. There was also a mixture between these two types, Malays and Papuans. 
The women were shorter in stature, with their hair done up in a knot at the 
back of the head. When young they were pleasant to look at, but apparently soon 
aged, and with their very pendent breasts were ugly. 

The average measurements of the hillmen were :—Height 5 feet 5 inches, 
length of head 7+4, inches, width of head 6 inches, cephalic index 82, length of 
arm 32 inches, and of leg 35 inches. 


Their numerals are :— 


1 sarrah 4 worwart 7 worit 10 woosarrah 
2 wooruh 6 woolim 8 wortu 11 ‘i missa 
3 wortel 6 wornam 9 worsi 12 a wooruh 
20 woo worrah 31 woo wortel missa 
30 woo wortel 40 woo worwart 
man ovmoo fire ai 
woman hatu water manu 


They use bamboo bows and arrows, the latter not feathered and more or less 
barbed. They wear curious combs, and from their ear lobes greatly extended 
hang silver, tortoise-shell, blackwood, or fish-bone pendants; they wear wood or 
bone bracelets much too small for Europeans. They have a curious ceremony 
of drum beating morn and night, and their dancing is of a monotonous character, 
there being a sort of recitative and two choruses ending by kaki and sali, which 
are uttered with the full force of the lungs. 

The canoes are dug-outs. Salt is obtained by evaporating sea water by the 
heat of the sun in shallow trays made of palm leaves, 

The natives reminded the author of the people of Tenimber, described by H. 
O. Forbes. 


10. Report of the North-western Tribes of Canada Committee. 
See Reports, p. 545. 


11. A Discussion on Anthropometric Identification was opened by Dr. L. 
ManovvrieEr, of Paris. 


SATURDAY, AUGUST 6. 


A Discussion on Criminal Anthropology took place after the reading of the 
following Paper :— 


Some Developmental and Evolutional Aspects of Criminal Anthropology. 
By T. S. Cuovston, M.D., F.R.S.E. 


The work done in criminal anthropology in this and other countries was first 
reviewed, and the failure of the workers to agree on any anatomical, physiological, 


TRANSACTIONS OF SECTION H. 905 


or psychological data for establishing a criminal type was pointed out. But the 
author said that one conclusion was forced upon him. If there was not an 
absolutely marked criminal type all would agree that criminals fell far below a 
high anatomical and physiological standard of brain, body, and mind. The weak 

point in criminal anthropology was that while criminals had been weighed, 

measured, observed, and described, the classes of society from which most of them 
came, but who had not been convicted of breaking the law, had not been ob- 

served in the same way, and had not had the same scientific tests applied to them. 

There was little use in gauging the criminal by the standard of the well-fed, the 

respectable, and the comfortable classes of society. The scientific method would 
be to apply the test to whole sections of the lower labouring classes of society, 

including the criminals. There was a large class of human beings whose brains 
suffered manifestly from arrested development of normal function. This existed in 

any and every degree, and might extend toany and every mental and moral faculty. 

A human being only slightly imbecile in mind had many anatomical and psychological 

resemblances to the criminal. Scientific anthropology that covered the whole” 
ground must deal with the idle, the vagrant, the pauper, the prostitute, the 

drunkard, the imbecile, the epileptic, and the insane, as well as the criminal and 

the class to which he usually belonged. If inquiry established physical, hereditary, 

and psychological bases of criminality, the State would have to treat the criminal 
from a point of view entirely different from the punitive method. Such was the 

contention of the modern school of that department of study, One physiological 
aspect of the question had not obtained the observation it was worthy of, and that 

was the developmental aspect, nor had the evolutional aspect had sufficient atten- 
tion paid to it. Many were criminals because their brains were the same as those 

of their ancestors, and their environment had changed only in the present genera- 
tion. In some districts of the country there were actually no criminals, yet when 
some of the people of those districts went to live in great cities they became 
habitual criminals. The too sudden exposure to new environments and conditions, 
with the necessary attempts at adaptation to those environments, was one of the 

great factors of criminality and of certain forms of insanity. The later years of 
adolescence were those in which the great inhibitory moral and social faculties 

that fit men to live in a well-ordered civil modern society attain such perfection as 

they are capable of, and it is during this period that most of our criminals become 

such, It is in the early years of adolescence that epilepsy arises in the greatest 
degree, and in the later years that ‘adolescent insanity,’ hysteria, dipsomania, 

asthma, phthisis, and other developmental diseases of the mental, motor, or nutri- 
tive functions arise. Criminality in certain cases seems to class itself among such 

developmental defects. The essential likeness of the epileptic and the criminal 

brain is one of the most striking of Dr. Benedikt’s observations, What are to 

the doctor symptoms of diseases are to the policeman and the magistrate proofs 

of criminality. In the rich family the doctor looked after the case ; in the poor 

family the policeman and the gaoler, Yet both cases were equally phases of brain 

development due to hereditary weakness. A deformity in the hard palate which 

became high in the centre and V-shaped he found to exist in 35 per cent. of criminals, 

37 per cent. of epileptics, 55 per cent. of the adolescent insane, and 61 per cent. 

of idiots and imbeciles, as compared with 19 per cent. of the general population, 

and the hard palate has a close relationship to the base of the anterior lobes 

of the brain in man, those lobes being closely related to the mental functions. He 

had seen and studied many cases of crime or vice in which moral responsibility 

did not exist. All considerations pointed to two great sources of criminality. The 

first was the not fully evolved man who was fitted to do his work in a primitive 

society, but who could not accommodate himself to the conditions of a life of a 

highly organised and extremely artificial modern society, and who fell into crimi- 

nality and swelled the list through his environment. The second was the patho- 

logically non-developed man, whose development had been arrested towards the end 

of the period of adolescence before his inhibitory and moral qualities had attained 

their full strength. 
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MONDAY, AUGUST 8. 
The following Papers were read :— 


1. On a Coiffure from the South Seas. By Sir W. Turner. 


Sir William Turner exhibited the coiffure of a Kanaka labourer, who had been 
employed on a sugar plantation in Queensland. The mode of dressing the hair in 
locks, each of which was tied round with a slender ribbon, half a millimetre in 
width, formed of vegetable fibre, was described. The free end of each lock was 
not confined by the ribbon, and the hair was curly at this end, and somewhat 
auburn-tinted ; probably it had been artificially bleached: 834 such locks were 
present in the coiffure, and it was estimated that about 120 hairs were in each 
lock, making in all about 100,000 hairs in the coiffure. The locks were tied 
together into a bunch with bands of tape, so that the coiffure had projected 
upwards for 17 inches from the top of the head in the manner figured by Dr. 
Prichard, in vol. ii. of the ‘ Natural History of Man,’ in a native of Ombai Island. 
Captain Cook, in vol. ii. p. 78 of his ‘Voyages,’ figures a man of the island of Tanna 
in whom a similar mode of dressing the hair is described, but in this case the 
locks were not tied together into a top-knot, but hung pendulous over the neck and 
shoulders. 


2. On the Articular Processes of the Vertebree in the Gorilla compared with 
those in Man, and on Costo-vertebral Variation in the Gorilla. By 
Professor Strutuers, M.D., LL.D. 


The paper was founded on the observation of twenty gorilla skeletons, two of 
which—a male and a female—the author exhibited to the Section. In the female 
specimen the ribs are placed on the spine a vertebra lower than usual, giving eight 
cervical vertebre. That vertebra has the usual characters of the normal seventh, 
including the foramen in the transverse process. The thirteenth rib is well formed ; 
three lumbar vertebree, the last (twenty-fourth vertebra) not ossified to the sacrum. 
It is an old gorilla, the sacro-iliac joint on one side ossified. In three of the 
twenty gorillas there were fourteen ribs instead of the usual thirteen. In man an 
additional rib occurs more frequently at the neck than below. In the gorilla it 
would seem to be the contrary. The lowest rib in man is small and variable; in 
the gorilla the lowest rib is long. 

Articular processes are adapted to the different movements of the several 
regions of the vertebral column, The early type, seen throughout the vertebral 
column in reptiles and birds, is retained in the lumbar region of mammals—the 
anterior pair form the zygantrum, the posterior pair the zygosphene. The place 
of change to the dorsal type is generally at several vertebre in front of the last 
rib, In man it is normally just above the last rib. In the gorilla the change 
occurs generally a vertebra lower, which is just above its last rib. The place 
varies sometimes both in man and in the gorilla, tending to follow any variation 
in the number or position of the ribs. 

Approximation of the lumbar articular processes, going downwards, does not 
occur in the female gorilla until the lumbo-sacral joint is reached. In the male 
exhibited to the Section the approximation is seen on all the four lumbar vertebra, 
but all male gorillas do not show this until the last two vertebrae are reached. This 
approximation of the lumbar articular processes, going downwards, in the gorilla 
contrasts strongly with the opposite condition in man, in whom the width apart 
of the processes increases from the third vertebra downwards, and is very marked 
above and below the last vertebra, though not invariably below it. 

The lowest lumbar vertebra (twenty-fourth vertebra) is known to be frequently 
ossified to the sacrum in the gorilla, at least in old males, The author has found 
this union to have taken place in eight of the cases—seven males and one female— 
and not to have occurred in twelve—eight males and four females. But three of 
the twelve—two males and one female—were not adult. In man the tendency 
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rather is to increase the number of free vertebra in the lumbar region by detach- 
ment of the upper sacral vertebra. The differences alluded to have reference 
mainly to the great freedom of the lumbar region in man compared with that in 
the gorilla, and to the greater thoracic development in the gorilla. 


3. On the Probable Derivation of some Characteristic Sounds in Certain 
Languages from Cries or Noises made by Animals. By J. Manser 
WEALE. 


The author relates how he first noticed the resemblance between the lullaby 
of a native voer-looper and the croaking of frogs at Boomplatz, Orange River 
Free State. Later he was often puzzled in Kaffraria by the resemblance between 
the sounds of distant Kafir dance-music and that made by the frogs in vleys or 
ponds. He attempted to analyse this impression, and came to the conclusion 
that it principally arose from the rhythmic cadence, combined with the hand- 
clappings, mingled with the vocal sounds and drum-beat. These conclusions led 
him to collect specimens of frogs from a small vley. Out of these two very 
minute species gave out loud rapping sounds when confined in a jar; and sub- 
sequently, although extremely common in Kaffraria, they were described as new 
by M. Boulenger in the British Museum (Nat. Hist.) catalogue of Batrachia 
salientia, 1882. These, as well as the other species collected, belong to African 
groups widely distributed, especially through the tropics. About the same time 
(1864) he also arrived at the conclusion that the models of the so-called bee-hive 
huts of the natives were the termitaria, or white ants’ nests, as they are commonly 
called; that possibly primeval man sheltered himself in deserted termitaria, 
adapting to them a roof of boughs or leaves, such as the anthropoid apes are 
known to construct. 

Hence it would seem probable that all those primitive races constructing 
circular-planned dwellings started from the tropics, and that their music and 
language were to a large extent based on their interpretation of the natural 
sounds around them, and more particularly on the frog-concert—Nhkuquak being, 
as he later found in Efik, the Old Kalabar word for a concert, and quak, to clap 
hands, beat a drum. 

The author quotes Burchell, Schweinfurth, Winterbottom, and other observant 
and careful travellers for descriptions of frog and native music, contrasting and 
comparing them together. He further shows that, so far as the evidence he has 
collected goes, neither monkeys, anthropoid apes, nor babies, European or African, 
clap hands until taught—that it is, in fact, an acquired habit distinct from the 
stamping of feet. The arms and legs of children when young are thrown upwards 
and outwards, the hands striving to grip and the feet to push. In North Euro- 
pean nations, more especially ourselves, feet and sticks are still often used to 
accompany music, but hand-clapping only as applause. Similarly castanets, bones, 
and rattles, except in what are termed nigger minstrelsies, are rare in use, and, 
before these last were introduced from America, confined principally to ballets. 
The author notices that they seem to commend themselves to certain classes, which 
regard operas and theatres with dislike. 

In Southern Europe, throughout Africa and the East, as also with all savage 
‘tribes, they are common, and form an essential part of the music. 

He also traces the dAoAvyy of the Greeks, the Cybele, Hestia, and Osiris chants, 
the modern ululuing of Cairo, and the Alleluia Chorus to these animals, quoting 
Aristotle, Carl Engel, and others. 

Next he notices the mode of beating an accompaniment to the Paddlers’ song 
in Africa and America, and its imitation of the frog, this beating of time being 
also sometimes accompanied by a drum among the Kroomen, In support of this 
he quotes R. Lauder, Winwood Reade, Harrison, Rankin, Schomburgk, and 
im-Thurn, showing that the imitation is so perfect that persons are again and again 
deceived by it, as the author states to have been at times the case with himself in 
‘Kaffraria. 

He next calls attention to certain vocal sounds of an fad or iati kind, their 
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production by certain frogs and toads, their use in names of rivers, &c., and their 
reproduction, as well as of certain kwa and aap or pad sounds in human language. 

He quotes Livingstone, Darwin, Theocritus, and others, to show that the notes 
of frogs have called forth admiration from many cultured Kuropeans. 

At the same time he points out that it is the ‘ relation’ in art which produces 
admiration. 

With primitive man utility was the first thought, how to protect and preserve 
himself. Hence his pleasures and tastes. 

The rain following the sun was foretold by the Batrachians, the Kwakwa, 
which the Greelis and many others believed were sent down from the sky. Hence 
Ti-kwa, the Kwa unknown deity up-above, the Ra of the Chuana, the Kue- 
akengteng or Kaang of the Bushmen of the Blue Mountains, the Ra or sun-god 
of Egypt, the Ra of India, the Ptah and Heka of Egypt, and the Quaqua priests 
of the Mexican war-god and of Thaloc. 

The frog, he believes, was probably or possibly the origin of the Aus loguens or 
Joquax, the unknown voice, as is Ka, the unknowable, in Sanskrit. 

He points out that the drums speak articulately throughout Africa, and that 
the hand-clapping, finger-snappings, and cracking seem also to have or have had 
meanings like the clicks and the consonants. 

In order to verify his conclusions the author went to language, not as a proof 
of itself, but as a secondary reference. He differs in his conclusions as to the 
value of grammatical construction, since the common people do not conform to the 
rules laid down by grammarians. In unwritten tongues he believes that by com- 
paring words with observations of material facts, mental peculiarities, and 
customs it is far easier to trace their origins than where a language has been long 
committed to writing. He considers that grammars have been frequently tam- 
pered with, as have words, in the interests of rulers and priests. The result of 
his researches is that, differing as their languages now do, all the Africans are 
closely connected, and at some distant period were connected also with the 
Monkey and Naga races of India, as is evidenced by the gigantic statue at Sravana 
Belyola in Mysore, by certain customs, and by words identical in form and meaning 
in the language of Africa and India, 

He points out that Budas existed in Africa and India, and that probably they 
did, and perhaps still, exist in Australia and South-Central America. 

He agrees with some statements made by Father Torrend in bis ‘Comparative 
Grammar of the South African Bantu Languages,’ and the statement by this 
authority that the Tongus use snakes as dogs confirms the conclusion he had 
previously arrived at—that Ja or Jah is the equivalent of Sa or Sah. 

The value of the prefixes in the so-called Bantu languages as determining race 
origins he denies, and believes that their use has been misinterpreted. 

He believes that an observation of natural facts gives a clue to man’s history 
which is borne out by language, that the mental capacity of wild races inhabiting 
tropical and semi-tropical climates has been much underrated, and that this is due 
to a misunderstanding of the relations between man and nature there. 

He further believes that he has been able to explain by what causes, apart 
from natural selection, but upon wuich it acted, woman first and afterwards man 
became divested of his hairy coat. His theory, if correct, explains many other 
subjects which hitherto have evaded research and puzzled inquirers. For instance, 
the tradition about elf-locks, the use of stone-flakes, and why they are found scat- 
tered about the surface of the world, their forms and meanings, besides several 
unintelligible parables, riddles, and myths. 

Lastly, he agrees with those conclusions of Dr. W. Stukeley which he has 
examined, and believes that, could he have had access to the facts the author 
possesses, he would have advanced our knowledge of antiquity and true religion 
instead of having been doomed to ignominy as a crack-brained lunatic. 

The author acknowledges his indebtedness to the works of many travellers and 
vocabularists in verifying his conclusions, Dr. Winterbottom’s work on Sierra 
Leone first led him to believe that he was on the right spoor, while ‘ Livingstone’s 
Travels’ supplied him in Africa with valuable facts and suggestions. 
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At times he has felt so sceptical as to the value of the work he was doing that 
he has abandoned it for years. With this feeling strong on him he read Schwein- 
furth’s ‘ Heart of Africa,’ and from this admirable repertory of careful observation 
he drank in new hope and fresh faith. He cannot express too strongly the value 
he sets on it, or the admiration it has called forth by its profoundly philosophical 
reflections and manly, honest tone. 

Finally, whatever love of natural history the author has he owes mainly to an 
early perusal of the ‘ Voyage of a Naturalist in the Beagle.’ 


4. On the Prehensile Power of Infants. By Dr. Lours Rosinson. 


5. The Integumentary Grooves on the Palm of the Hand and Sole of the 
Foot of Man and the Anthropoid Apes. By Davip Hepsurn, M.D., 
O.M., F.R.S.E., Senior Demonstrator of Anatomy, University of Edin- 
burgh. 


After a short introductory statement the author drew attention to recent 
literature dealing with this subject, and then proceeded to summarise and contrast 
the functions of the hand in man and apes. This was followed by a comparison 
of the obvious surface characters and differences found in the hands of man and 
apes. The grouping of the muscles and their modes of action were next dealt 
with. It was then shown that it was possible for the flexor, adductor, and 
opposing muscles to leave their imprint on the palm. 

As aresult of flexion the skin of the palm and of the digits is thrown into 
folds separated by grooves, whose direction is always more or less transverse to 
the long axis of these parts, but the transverse direction may be modified by 
special conditions, such as the increased development of certain muscles. The 
movement of adduction or contraction results in the narrowing of the palm, and 
this is indicated by grooves which run in the long axis of the palm; but since the 
muscles of this group arise in relation to the middle line of the hand, the grooves 
radiate more or less distinctly from a point in front of the wrist. 

Similarly the movement of opposition is indicated by oblique lines, but these 
usually blend with the radiating lines. 

Following this, the hand of each ape was taken in turn, its principal characters 
pointed out, the grooves on its palm indicated by reference to casts and drawings, 
and the variations from the typical arrangement of the grooves accounted for. 
After the palm of the gibbon, orang-utan, chimpanzee, and gorilla had been treated 
in this way the hand of man was similarly discussed. 

Here it was shown that the same grooves prevail throughout the series, but 
that the lines of flexion become modified as the muscles in the ball of the thumb 
and ball of the little finger increase in size and importance. From being transverse 
in the gibbon, they gradually become more and more oblique, until, as in man, the 
outer end of the anterior line is pushed towards the cleft between the index and 
medius digits, while the inner end of the middle line is smoothed down so that it 
no longer reaches the inner border of the palm. Again, what is a posterior 
transverse line in the gibbon is lost in man. 

Of the radiating or longitudinal lines only one is left in man, and that occupies 
the middle of the palm; but even this may not be constant. The oblique line 
which in man surrounds the ball of the thumb is partly due to opposition and 
partly due to adduction, so that it may also be regarded as one of the radiating 
series of grooves. Lines to indicate opposition of the little finger are ill-defined 
even in man, where they may be seen as faint lines running somewhat parallel to 
the oblique line of the thumb, z.e., outwards and forwards from the inner border of 
the palm. 

Following the hand, the foot was treated in a similar way. First, a summary 
and contrast of its functions in man and apes, then a statement of the surface 
characters and differences in the feet of man and the apes. In the foot there are 
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no muscles of opposition, so that only two groups of muscles, viz.—flexors and 
adductors—are concerned in producing the plantar grooves, which are there- 
fore restricted to transverse and longitudinal or radiating grooves, with such 
modifications of these as special circumstances may produce. Then there followed 
a detailed description of the naked-eye characters and the plantar grooves of the 
feet of the gibbon, orang, chimpanzee, gorilla, and man. The last was discussed, 
first, in reference to the foot of the newborn infant; second, in reference to the 
foot of the Australian aboriginal ; and third, in reference to the foot of civilised 
man. 

In all the apes and in the foot of the newborn infant it was shown that the 
same arrangement of transverse and longitudinal lines prevailed, subject to such 
modifying causes as the length of metatarsal bones, the amount of web between 
individual digits, the size of the hallux, and the angle at which it springs from the 
inner border of the foot. In the apes the flexion lines of the hallux and sole of 
the foot are distinct from each other, and it is only in the case of man, after his 
great toe has become parallel to the other digits, that these lines become to a 
certain extent blended. Of adduction lines, z.c., longitudinal or radiating, the new- 
born human infant shows distinctly the one which indicates adduction of the 
hallux. 

After the foot has become chiefly an organ of support and locomotion the 
character of the grooves undergoes considerable change, This may be seen clearly 
in the foot of the Australian aboriginal, where the primitive and original grooves 
are smoothed out, while a new set makes its appearance. These are lines to 
express flexion, and are represented by two or three transverse lines between the 
ball of the heel and ball of the great toe. Adduction is also indicated by an 
indefinite mesial line of small dimensions. In the foot of civilised man the use of 
boots has greatly restricted the freedom of movement, and consequently the lines 
are still more indefinite, although they conform to the plan laid down, 


6. On the Contemporaneity of Man and the Moa. By H. O. Forses, 


7. A Discussion on Human Osteometry was opened by Dr. J. G. GARSON. 


Sir Wm. Turner explained a method, which he had devised, of taking the 
capacity of crania by the use of shot poured into the cavity of the skull through a 
funnel, the spout of which was two centimetres long and two centimetres wide. The 
details of the method are given in his ‘Memoir on Human Crania in the Reports 
of H.M.S. Challenger,’ Part XXTX. It was claimed for the method that it gave the 
actual capacity, and did not overmeasure it, as is the case with Broca’s method. 
A demonstration of the method was given on a skull, the exact cubic capacity of 
which had been previously determined by means of water. 


TUESDAY, AUGUST 9. 
The following Papers were read :— 


1. Exhibition of Composite Photographs of United States Soldiers. 
By Dr. J. G. Garson. 


2. Observations as to Physical Deviations from the Normal as seen among 
50,000 Children. By Francis Warner, M.D. 


Taking all cases of deviation from normal development, the percentage on the 
50,000 children is for boys 134, for girls 9°6, It is noteworthy that the distribution 


TRANSACTIONS OF SECTION H. 911 


of these cases in certain districts appeared to vary much; their relative percentage 
frequency is for English children 10:8, Irish 19°9, Jew 7:5; among the upper social 
class 11°56, falling to 10°2 among poorer children. Among these ‘development 
cases’ the power of resistance is low, many becoming thin, with disordered nerve- 
system. Of the 50,000 children 7:3 per cent. were reported by teachers as dull, 
and of the 5,851 ‘development cases’ 40 per cent. were dull at lessons. The most 
‘important defects were found to be those of the cranium as indicated by the pro- 
portion among them delicate, dull, and with nerve-disorder or weakness; many of 
these cases are doubtless due to rickets. Small heads were specially common 
among girls, the only defect to which they seem specially liable. The palate 
comes next in frequency and importance. The import of defects of external ear 
and other parts is shown. It is seen that all forms of defectiveness in develop- 
ment of visible parts of the body have a significance; they are commoner among 
boys than girls, but deviations from the normal development are accompanied by 
more weakness of constitutional power among girls. 

An account is given of different groups of children, the numbers of each class 
among the 50,000 (boys, 26,894 ; girls, 23,143) being given. Group I. Normal 
children, in whom no defect was found ; boys 21,315; girls, 19,536, or of boys 70 
per cent., of girls 84 per cent. Group II. contains the remainder of the children in 
whom some deviation from the normal was seen or mental dulness was reported by 
the teachers. Boys, 5,579 ; girls, 3,607; total, 9,186; boys, 20°7 per cent.; girls, 15-5 
per cent.; total, 18°3 percent. Notes were taken of each of these cases; they are 
analysed in succeeding groups, many children having more than one defective con- 
dition appearing in two or more groups. Group III. Children reported as dull at 
school work, but presenting no visible defects. Boys, 185; girls, 134; total, 319. 
These cases appeared sound in body and brain; perhaps they would gain more 
from technical education. Group IV. Children feeble-minded or exceptional in 
mental status. Boys, 124; girls, 110. These were all very difficult cases to deal with. 
These children were scattered through most schools, and need special care. Group 
VY. Epileptics, and children with history of fits during school life. Boys, 36; 
girls, 18. Group VI. Crippled, paralysed, maimed, and deformed. Boys, 155; 
girls, 84, These children differ so greatly that the needs of each must be separately 
considered. Group VII. Children deaf or partially deaf. Boys, 34; girls, 33. 
There were also 51 children seen in a school for the dumb, Group VIII. Eye 
cases. Boys, 836; girls, 637. Only obvious defects were noted; tests for sight 
were not employed, and ophthalmia, though seen in day-schools, was not recorded. 
Group IX. Children pale, thin, or delicate, 1,030 boys, 973 girls. Of these cases 
1,459 presented some defects in development ; this was also noticeable among 
well-fed children. Group X. Children of defective development described above. 
Group XI. Cases with slight defect or disorder of the nerve system. Boys, 3,413; 
girls, 2,074. In certain sections of this group the signs seen indicated low-class 
make, in other classes such as is commonly called ‘nervousness or nerve-weak- 
ness.’ Group XIV. Children reported by the teachers as dull in school. Boys, 
2,216 ; girls, 1,463; total, 3,679. Group XV. Children requiring special educational 
care, including those mentally defective, epileptics, crippled, and those of defective 
constitution. Boys, 473; girls, 344, or a percentage of 1:6 on the 50,000 children. 
Groups XIII., XVI., XVII., XVIII. contain children with various combined con- 
ditions of defectiveness. It is mainly by description of children according to their 
combined defects that we may best classify them for consideration of their special 
needs. A table giving detailed conditions is appended to the paper. 


3. On the Brain of an Australian, By Professor A. MAcatisTER. 


A, Gn Siulls from Mobanga, Upper Congo. By Professor A. MacaLisrTEr. 
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5. On some Facial Characters of the Ancient Egyptians. 
By Professor A. MACcALISTER, 


6. On some very Ancient Skeletons from Medum, Egypt. 
By J. G. Garson, M.D. 


The series consists of twelve skeletons and several skulls obtained by Mr. 
Flinders Petrie from Medum, in Egypt, and have been determined by him to belong 
to the fourth dynasty, which dates from 3800 to 4000 B.c. If thisis correct these 
bones are the remains of persons who lived, in round numbers, about 6,000 years 
ago. 

Stature.—Estimated from the length of the femur and tibia, according to the 
European standard, the average stature of the people they represent would have 
been about 1:64 metre, or 5 feet 43 inches. 

The average lengths of the tibia and radius are the same as in Europeans, accord- 
ing to Rollett’s averages, but those of the femur and humerus are shorter. The 
proportion which the tibia bears to the femur is as 83:5 to 100, that in Europeans 
is 80°4, and in the negro it is 82°9. The radio-humeral index in the Medum speci- 
mens is 78'8, in Europeans 72°5, and in negroes 79. It is very apparent, therefore, 
that the proportions of both the upper and lower limbs of the Medum skeletons 
agree closely with those of negroes, and differ essentially from those of Europeans. 

The pelvic measurements give a brim index of 85:7, while in the European it is 
80, and in the negro 89. In this respect the negro affinity is not so marked as in 
.the limbs, but still the pelvic characters are more negro than European. 

The characters of the skull agree generally with those of Egyptians of later 
date. The muscular ridges are moderately well developed, the sutures are simple 
in character and either open or nearly obliterated. The cephalic index averages 
758. This is almost the same as that of ancient Egyptians measured by Broca, 
which averaged 75°3. Ten of the Medum specimens are dolichocephalic, eleven 
are mesaticephalic, and two are brachycephalic (the limits of these groups being 
respectively 70 to 74°9, 75 to 79'9, and 80 to 84:9). The cephalic index of Nubians 
and negroes ranges from 73 to 75; that of Europeans is 78. 

The nasal index of the Medum skulls averages 47°9, while that of Nubians is 
55:1, and that of Europeans is 46. Ten of the Medum specimens are leptorhine, 
seven are mesorhine, and two are platyrhine. 

The orbital index of the Medum skulls averages 86:8, the gnathic index is 
95°5, the upper face index (Kollmann) is 56-4, and the total face index (Kollmann) 
84°8, the stephanic index is 90:8, and the bigonial is 75. 


7. On a Skull from Port Talbot, Glamorganshire. 
By C. Puitutrs, B.A. 


8. On Trepanning the Human Skull in Prehistoric Times. 
By Rosert Munro, M.A., M.D. 


A few years ago the Most Hon. the Marquis of Bute, K.T., presented to the 
National Museum of Scotland some portions of the osseous remains of a human 
body which were taken out of a graye near Mountstuart House, on the island of 
Bute. Along with these bones were also found an urn, a jet necklace, and a small 
bit of thin bronze of an indeterminate character, all of which justified the opinion 
that the interment took place in the early Bronze Age. 

According to Dr. Beddoe, to whom these bones were submitted for examination, 
their owner was a young woman whose wisdom teeth had not yet appeared. 

But the special point to which Dr. Munro directed attention was a cup-shaped 
hollow, situated on the left side of the frontal bone, and having in its centre a 
small perforation. This hollow lay immediately above the temporal fossa, and its 
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‘anterior margin, which just overlapped the temporal ridge, was exactly one inch 
from the outer angle of the orbit. The exterior edge of the concavity, which 
measured about an inch in diameter, was slightly raised above the normal surface 
of the surrounding bone, and presented an appearance somewhat like an everted 
lip. This lip was a particularly noteworthy feature, as it was the result of a patho- 
logical process, which could only take place in the living body. The actual perfora- 
tion, which did not exceed a quarter of an inch in its greatest diameter, took the 
form of a bluntly defined triangle bounded by thin edges. 

From a careful study of these facts, no experienced surgeon, Dr. Munro main- 
tained, could come to any other conclusion than that this perforation had been in- 
tentionally performed on the living subject, and that the subject survived the opera- 
tion for a considerable time, possibly many years. In other words, they had here 
the unwritten records of a successful case of trepanning in the early Bronze Age; 
but for what purpose the operation was performed there was no evidence to show. 

But, however correct this induction might be, it was only a single example on 
which it was founded, and, consequently, the evidence was inadequate to prove the 
wider generalisation which it was the author's object in his communication to 
establish, viz., that trepanning the human skull for therapeutic purposes was not 
an uncommon surgical operation among the Neolithic inhabitants of Europe. Such 
a generalisation must be based on a number of examples widely distributed both 
in space and time, and to these the author then briefly referred. Commencing with 
the year 1878, when Dr. Pruniéres first directed attention to a worked piece of a 
human skull from a dolmen at Lozére, he traced the gradual development of opinion 
on this subject as influenced by the various subsequent discoveries till 1876, when 
Dr. Paul Broca delivered his memorable address at the International Congress of 
Prehistoric Archeology at Buda-Pesth, and finally demonstrated that the prehistoric 
people of France practised two forms of trepanning—one during life (¢répanatzon 
chirurgicale) and the other after death (trépanation posthume). Since Broca’s time 
further evidence in support of this opinion has come to light, and the story in the 
hands of Dr. Munro is carried down to the present time. The various hypotheses 
as to the object for which the operation was performed were then discussed, and it 
was finally shown that in some cases at least the motive was a pure surgical 
purpose. The author concluded his paper as follows :— : 

‘On a previous occasion, when treating of the lake dwellings of Europe, I drew 
Bpecial attention to the advanced state of the culture and civilisation which their 
remains indicated. A similar reflection is now suggested by the facts which I have 
just brought under your notice. It is impossible to suppose that the widely scat- 
tered races inhabiting primeval Europe—a country then so inaccessible owing to 
its impenetrable forests and marshes, impassable mountains, and great rivers—could 
have developed at so many independent centres a custom indicative of such a high 
order of speculative intelligence. It is therefore to the original home of the 
Neolithic civilisation, wherever that may be, that we must look for the origin of the 
custom of trepanning the human skull, and even there its antiquity would be 
probably lost in the long vista of preceding ages.’? 


9. On the Use of Narcotics by the Nicobar Islanders, and certain 
Deformations connected therewith. By KH. H. Man. 


Mr. E. H. Man gave an account of the use of narcotics by the Nicobarese, 
notably in connection with the habit common among so many of the races of 
Transgangetic India and the Archipelago of taking frequent quids of betel-nut 
and quicklime throughout the day; so firm a hold has this practice on both sexes 
that ‘ betel-quid-taking-time’ is a recognised expression, signifying an interval of 
some fifteen minutes’ duration. Betel-chewing is commenced at the early age of 
ten or twelve, but instances are by no means rare of children who have acquired 
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the habit before attaining six and even four years of age; it is but fair to add 
that this infantile precocity is not encouraged by the parents. Among the sup- 
posed benefits resulting from the custom are preservation of the teeth and mitiga- 
tion of the attacks of malarial fever, which is so prevalent in these islands. Strange 
as it may appear, the sense of taste does not seem to be vitiated in the slightest 
degree, nor is the appetite impaired. 

The intentional staining and unintentional dental deformation which this habit 
produces in a few weeks, under certain conditions, are explained, and the mis- 
statements due to misapprehension of the real facts of the case which are found 
in earlier accounts of these islanders are severally noted. Mr. Man concluded his 
paper with a few remarks on the cranial and facial deformations, which are con- 
sidered by the natives of the central and southern communities to be of the highest 
importance, and to the production of which the Nicobarese mother devotes much 
care and attention during the first two years or so of a child’s life. The method 
pursued is described carefully, and it is satisfactory to note that it cannot cause 
the little one even momentary discomfort. 


10. Report of the Indian Committee—See Reports, p. 615. 


11. Report of the Prehistoric Remains of Glamorganshire Committee. 
See Reports, p. 544. 


12. Report of the Elbolton Cave Committee—See Reports, p. 266. 


13. Exhibition of the Philograph—a simple Apparatus for the Preparation 
of Lecture Diagrams. By G. W. Broxam, M.A. 


14, Exhibition of Photographs representing the Prehensile Power of Infants, 
By L. Rosrnson, M.D. 
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Clouston (Dr. T. S.), some developmental 
and evolutional aspects of criminal 
anthropology, 904. 

Clowes (Prof. F.) on the application of 
a hydrogen flame in an ordinary safety 
lamp to the detection and measurement 
of inflammable gas or vapour, 678. 

Clyde and Forth canal, proposed, by 
D, A. Stevenson, 863. 

Coal, the proximate constituents of the 
various kinds of, report on, 264. 

Coates (H.), the cuttings on the Crieff 
and Comrie Railway, 717. 

*Cobaltic salts, by Dr. H. Marshall, 692. 

Coiffure, a, from the South Seas, Sir W. 
Turner on, 906. 

Coin-counting machine at the Royal 
Mint, by Lieut. W. B. Basset, 875. 

*Colour, the analysis and synthesis of, 
J. W. Lovibond on, 661. 

Comparative psychology, the method of, 
by Prof. C. L. Morgan, 754. 

*Composite photographs of United States 
soldiers, exhibition of, by Dr. J. G. 
, Garson, 910. 

Condensers, the dielectric of, W. H. 
Preece on, 654. 

—, the standard, of the Association, 
R. T. Glazebrook on, and on certain 
resistance coils, 152. 

Conjugate circle groups, Lieut.-Col. A. 
Cunningham on, 647. 

Constants and units, report on, by C. E. 
Guillaume, 165. 

Consumption of wealth, the effects of, on 
distribution, by W. Smart, 840. 
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Cooper (J.), city sanitation as practically 
conducted in Edinburgh, 882. 

Copeland (Prof.) on meteorological ob- 
servations on Ben Nevis, 68. 

*Copper and bismuth, the electric con- 
ductivity of, in magnetic fields, Dr. W. 
Peddie on, 641. 

Copyright and patents,R.A.Macfie on,841. 

*Coral reef, the structure of a, interim 
report on, 721. 

Cordeaux (J.) on making a digest of the 
observations on the migration of birds, 
366. 

Cornish and Devon granites, the, by 
W.A. E. Ussher, 709. 

Corresponding Societies Committee, re- 
port of the, 29. 

Cowper (E. A.) on the advisability and 
possibility of establishing observations 
upon the prevalence of earth tremors, 
343. 

Cramond (Dr. W.), illegitimacy in Banff- 
shire, 843. 

*Cranial ganglia, Prof. J. C. Ewart on,786. 

Cretaceous polyzoa, report on the, 301. 

Crieff and Comrie Railway, the cuttings 
on the, by H. Coates, 717. 

Criminal, the, and the habitual offender, 
from an economic, statistical, and 
social standpoint, by Dr, J. F. Suther- 
land, 845. 

*Criminalanthropology,discussion on,904. 

, some developmental and evolutional 
aspects of, by Dr. T. §. Clouston, 904. 

Crookes (W.) on electrolysis in its phy- 
sical and chemical bearings, 72. 

Cross (W.) on a new form of steam brake 
for locomotives, 884. 

Crosskey (Dr. H. W.) on the circula- 
tion of underground waters, 264; on 
the erratic blocks of England, Wales, 
and Ireland, 267; on the teaching of 
science in elementary schools, 368. 

*Crustacés copépodes des eaux sur- 
saturées de sel de la France et des Ca- 
naries, by Baron J. de Guerne, 785. 

*Cryptogams, vascular, the morphology 
of the spore-bearing members in, Prof. 
F. O. Bower on, 747. 

Cundall (J. T.) on the influence of the 
silent discharge of electricity on oxy- 
gen and other gases, 263. 

Cunningham (Lieut.-Col. A.) on conjugate 
circle groups, 647. 

Cunningham (D.), an automatic railway 
for the carriage of packages, 864. 

Cunningham (J. T.) the protection of 
immature fish, 767. 

Curve tracer, a magnetic, by Prof. J. A. 
Ewing, 653. 

*Cyclopean architecture in the South 
Pacitic islands, R. A. Sterndale on, 897. 

Cystopus candidus, the structure of, H. W. 
T. Wager on, 777. 
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Damma Island and its natives, by P. W. 
Bassett-Smith, 903. 

Darwin (Prof. G. H.) on the advisability 
and possibility of establishing obser- 
vations upon the prevalence of earth 
tremors, 343. 

Davidson (M.), taxation of building land, 
843. 

Davis (J. W.) on the cave at Elbolton, 
266; on the collection, preservation, 
and systematic registration of photo- 
graphs of geological interest in the 
United Kingdom, 290. 

Davison (C.) on the advisability and pos- 
sibility of establishing observations 
upon the prevalence of earth tremors, 
343. 

Dawkins (Prof. W. Boyd) on the work of 
the Corresponding Societies Committee, 
29; on the erratic blocks of England, 
Wales, and Ireland, 267; on the col- 
lection, preservation, and systematic 
registration of photographs of geologi- 
cal interest in the United Kingdom, 
290. 

Dawson (Dr.G. M.) on the North-western 
tribes of the Dominion of Canada, 545. 

Day (J.) on a new form of gas engine, 
884, 

Deacon (G. F'.) on underground tempera- 
ture, 129; on shield tunnelling in loose 
ground under water pressure, with 
special reference to the Vyrnwy aque- 
duct tunnel under the Mersey, 532. 

Deep-sea tow-net for opening and 
closing under water, report of the 
Committee for improving and experi- 
menting with a, 366. 

De Guerne (Baron J.), *présentation de 
planches inédites de zoologie concer- 
nant les recherches du yacht 1’Hiron- 
delle, 785; *crustacés copépodes des 
eaux sursaturées de sel de la France et 
des Canaries, ib. 

*Demolins (M.), la science sociale et sa 
méthode, 835. 

Density of illumination, proof that it 
does not affect absorption, by Dr. 
W. Peddie, 661. 

De Rance (C. E.) on the circulation of 
underground waters, 264; on the er- 
ratic blocks of England, Wales, and 
Treland, 267. 

*Destructors, the application of, espe- 
cially to the electric lighting of Edin- 
burgh, by Prof. G. Forbes, 860. 

Devon and Cornish granites, the, by 
W. A. E. Ussher, 709. 

Dewar (Prof.) on researches on the ultra- 
violet rays of the solar spectrum, 74 ; 
on wave-length tables of the spectra of 
the elements and compounds, 193. 

e and Prof. G. D, Liveing on the 
spectrum of liquid oxygen, and on the 
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refraction indices of liquid oxygen, 
nitrous oxide, and ethylene, 658. 

Dickson (H. N.), physical conditions of 
the waters of the English Channel, 661 ; 
on the’need for teaching in meteoro- 
logy, 813. 

Dicynodont and other reptile remains 
from the Elgin sandstone, EK. T. New- 
ton on some, 723. 

Dielectric of condensers, W. H. Preece on 
the, 654. 

*Diffusion, researches on, by Dr. S. 
Arrhenius, 679. 

Dioptric lens, the, as used in lighthouse 
illumination, the progress of, C. A. 
Stevenson on, 879. 

Dispersion in double refraction due to 
electric stress, Dr. J. Kerr on, 157. 

Disposal of refuse, the, by G. Watson, 
860. 

Dixon (Prof. H. B.) on electrolysis in its 
physical and chemical bearings, 72. 
Dobbin (Dr. L.) and Dr. J. Walker, the 
halogen addition products of salts of 

organic bases, 681. 

Dredge (J.) and R. 8S. McCormick, the 
World’s Columbian Exposition for 
1893, 858. 

*Dredgers, by A. Brown, 879. 

*Druery (C. T.) on an aposporous fern 
seedling, 747. 

Du Bois (Dr. H. E. J. G.) on leaky mag- 
netic circuits, 636; on a magnetic 
balance and its practical use, 654; on 
polarising gratings, 660. 

Dugong, the Australian, the skeleton and 
teeth of, Prof. G. B. Howes and J. 
Harrison on, 790. 

Dulier (Col. E.), a system of purifying 
the smoke from domestic and other 
fires, 880. : 

Dunlop (Dr. A.), a contribution to the 
ethnology of Jersey, 902. 

Dunstan (Prof. W. R.) on the formation 
of haloids from pure materials, 262. 
Durham (W.) on valency or atomicity, 

692. 

Dyed colours, the action of light upon, 
provisional report on, 263. 

Dynamical problems, graphic solution of, 
Lord Kelvin on, 648. 

Dynamics, conservative, reduction of 
every problem of two freedoms in, to 
the drawing of geodetic lines on a 
surface of given specific curvature, by 
Lord Kelvin, 652. 


Ear, the external, a use of, Prof. A. 
Crum Brown on, 754. 

Earth currents, by W. H. Preece, 656. 

farth tremors, the prevalence of, report 
on the advisability and possibility of 
establishing in other parts of the coun- 
try observations upon, similar to those 
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now being made in Durham in connec- 
tion with coal-mine explosions, 343. 

Earthquake and volcanic phenomena of 
Japan, twelfth report on the, 93. 

Earthworms, the, of Great Britain, by 
Rey. H. Friend, 790. 

Eastern Laos States of Siam in the 
Mékong Valley, the, by W. R. D. 
Beckett, 819. 

Ebert (Dr. H.) and Prof. EK. Wiedemann 
on electrical discharges, 637. 

Economic Science and Statistics, Address 
by Sir C. W, Fremantle to the Section 
of, 822. 

Economics, the relation of ethics to, by 
J. 8S. Mackenzie, 837. 

—— of large cities, the compilation 
of monographs on the, with illustra- 
tions from the case of Glasgow, by 
Prof, J. Mavor, 835. 

——,, recent, the relations of Adam Smith 
to, by L. L. Price, 840. 

Ede (Rey. W. M.), old-age pensions, 838. 

*Egyptians, the ancient, some facial 
characters of, Prof. A. Macalister on, 
912. 

Elbolton, near Skipton, the cave at, 


report of the Committee to complete | 
English Channel, physical conditions of 


the investigation of, in order to ascer- 
tain whether remains of palolithic 
man occur in the lower cave earth, 
266. 

*Hlectric conductivity, the, of bismuth 
and copper in magnetic fields, Dr. 
W. Peddie on, 641. 

Electric locomotive, a new, by E. H. 
Woods, 874. 

Electric locomotives, A. Siemens on, 865. 

Electric nerves in the torpedo, gymnotus, 
mormyrus, and malopterurus, the origin 
of, Prof. G. Fritsch on, 757. 

Electrical discharges, Prof. E. Wiedemann 
and Dr. H. Ebert on, 637. 

—, photographs of, by A. A. C. Swin- 
ton, 641. : 

Electrical illumination, the early rise and 
progress of, Dr. A. Keiller on, 660. 

Electrical measurements, report of the 
Committee for constructing and issuing 
practical standards for use in, 132; 
on the change of resistance of mercury 
with temperature, by C. E. Guillaume, 
138 ; on a special form of Clark cell, 
by Prof. H. J. Carhart, ib.; on wire 
standards of electrical resistance, by 
Dr. St. Lindeck, 139; on the Clark 
cell, by Dr. Kahle, 147 ; on the values 
of certain standard resistance coils, by 
R. T. Glazebrook, 150 ; on the standard 
condensers of the Association, and on 
certain resistance coils, by R. T. Glaze- 
brook, 152; on the values of certain 
standards of resistance and electromo- 
tive force sent from Berlin for com- 
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parison with the British Association 
standards, by R. T. Glazebrook, 154. 

Electrical resistance, M. H. Branly’s ex- 
periments on, Dr. D. Turner on, 637. 

——.-, wire standards of, Dr. St. Lindeck 
on, 139. 

*Electricity, the human body as a con- 
ductor of, by H. N. Lawrence, 792. 

——, the influence of the silent discharge 
of, on oxygen and other gases, pro- 
visional report on, 263. 

——, the phenomena accompanying the 
discharge of, from points, report on, 72. 


| Electrolysis in its physical and chemical 


bearings, seventh report on, 72. 

*Hlectrolytic synthesis, by Prof. A. Crum 
Brown and Dr. J. Walker, 671. 

Electromotive force of a secondary bat- 
tery, Dr. J. H. Gladstone and W. Hib- 
bert on the, 662. 

Electro-optics, report on, 157; on disper- 
sion in double refraction due to electric 
stress, by Dr. John Kerr, 7d. 

Energetics, the general laws of, Prof. W. 
Ostwald on, 661. 

Energy of flowing water, the utilisation 
of the, by Messrs, Purdon and Walters, 
866. 


the waters of the, by H. N. Dickson, 
661. 

Erratic blocks of England, Wales, and 
Ireland, twentieth report on, 267. 

Errera (Prof. L.) on the cause of physio- 
logical action at a distance, 746. 

Etheridge (R.) on the earthquake and 
volcanic phenomena of Japan, 93. 

Ethics, the relation of, to economics, by 
J. 8. Mackenzie, 837. 

Ethnology, the value of art in, Prof. A. C. 
Haddon on, 901. 

, linguistic, H. Hale on, 545. 

Ethnology of Jersey, a contribution to 
the, by Dr. A. Dunlop, 902. 

Ethylene, the explosion of, with less than 
its own volume of oxygen, by B. Lean 
and W. A. Bone, 673. 

Eurypterid fauna of the Upper Silurian, 
additions to the, by M. Laurie, 724. 
Evans (F. G.) on the prehistoric and 
ancient remains of Glamorganshire, 

544, 

Evans (Sir J.) on the work of the Corre- 
sponding Societies Committee, 29; on 
the cave at Elbolton, 266; on the ad- 
visability and possibility of establish- 
ing observations upon the prevalence 
of earth tremors, 343. 

Everett (Prof.) on underground tempe- 
rature, 129; on standards for use in 
electrical measurements, 132. 

Ewan (Dr. T.) and W. R, Ormandy on a 
method for determining the vapour- 
pressures of solutions, 693. 
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Ewart (Prof. J. C.) on the occupation of 
a table at the zoological station at 
Naples, 344; *on an abnormal horse’s 
foot, 756; *on sea fisheries, 763; *on 
cranial ganglia, 786. 

Ewing (Prof. J. A.) on the advisability 
and possibility of establishing obser- 
vations upon the prevalence of earth 
tremors, 343 ; a magnetic curve tracer, 
653. 

*Exact weighing, Dr. J. Gibson on, 690. 

External ear, a use of the, Prof. A. Crum 
Brown on, 754. 

Extinction of fires in ships’ holds, H. C. 
Carver on the, 883. 


*Facial characters of the ancient Egyp- 
tians, Prof. A. Macalister on some, 912. 

Farmer (Prof. J. B.) report to the Com- 
mittee for taking steps to establish a 
botanical laboratory at Peradeniya, 
Ceylon, 364. 

*Fern seedling, an aposporous, C. T. 
Druery on, 747. 

Ferro-manganese, alloys of aluminium 
with, T. W. Hogg on, 671. 

Fires in ships’ holds, the extinction of, 
H. C. Carver on, 883. 

Firth of Forth, physical geography of 
the, by Dr. H. R. Mill, 813. 

Fish, the food of, by W. R. Smith, 772. 

——-, immature, on the destruction of, 
and on remedial measures: Part I. 
Introductory statement, by W. L. 
Calderwood, 763; Part II. On the 
relation of size to sexual maturity: (i) 
North Sea grounds, by E. W. L. Holt, 
765; (ii) Plymouth district, by W. L. 
Calderwood, 767; Part II]. The pro- 
tection of immature fish, by J. T. 
Cunningham. ib.; Part IV. (i) On the 
destruction of immature fish in the 
North Sea, 768; (ii) On remedial 
measures, by E. W. L. Holt, 771. 

Fitzgerald (Prof. G. F.) on electrolysis 
in its physical and chemical bearings, 
72; on standards for use in electrical 
measurements, 132; *an estimate of 
the rate of propagation of magnetisa- 
tion on iron, 660. 

Flame, experiments on, by Prof. A. 
Smithells, 674. 

Flame spectra, experiments on, by Prof. 
A. Smithells, 645. 

Fleming (Dr. J. A.) on electrolysis in its 
physical and chemical bearings, 72; 
on standards for use in electrical 
measurements, 132. 

*Fleming (Dr. 8.) on the advantage of 
making astronomical time agree with 
civil time, 636. 

Flexible metallic tubing, by G. R. Red- 
grave, 870. 

Flower (Sir W. H.) on editing a new 
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edition of ‘ Anthropological Notes and 
Queries,’ 537 ; on the natives of India, 
615; on the work of the anthropometric 
laboratory, 618. 

Fog signals, motors used for, in the 
northern lighthouse service, by D. A. 
Stevenson, 879. 

*Forbes (Prof. G.), the application of 
destructors, especially to the electric 
lighting of Edinburgh, 860. 

Forbes (H. O.) *on a series of extinct 
birds of New Zealand, recently dis- 
covered, 760; *a recent visit to the 
Chatham Islands, and some points in 
connection with geographical distri- 
bution, 819; *on the contemporaneity 
of man and the moa, 910. 

Formosa, rainfall in, and some of the 
effects on the island and mainland of 
China, by J. Thomson, 811. 

Forth and Clyde ship canal, proposed, by 
D. A. Stevenson, 863. 

Fossil arctic plants foundnear Edinburgh, 
by C. Reid, 716. 

Fossil phyllopoda of the palzeozoic rocks, 
ninth report on the, 298. 

Foster (Dr. C. Le Neve) on underground 
temperature, 129. 

Foster (Prof. G. C.) on electrolysis in its 
physical and chemical bearings, 72; 
on the phenomena accompanying the 
discharge of electricity from points, 
ib.; on standards for use in electrical 
measurements, 132. 

Foster (Prof. M.) on the occupation of 
a table at the zoological station at 
Naples, 344; on the occupation of a 
table at the laboratory of the Marine 
Biological Association at Plymouth, 
356; on the steps taken to establish a 
botanical laboratory at Peradeniya, 
Ceylon, 363. 

Fowle (Rev. T. W.), the poor law: can it 
be maintained ? 839. 

Frankland (Prof. E.) on electrolysis in its 
physical and chemical bearings, 72. 

Fremantle (Sir C. W.), Address to the 
Economic Science and Statistics Sec- 
tion by, 822. 

Friend (Rev. H.), the earthworms of 
Great Britain, 790. 

Friendly Islands, or Tonga, the past and 
present condition of the natives of the, 
by R. B. Leefe, 903. 

Friendly societies and old-age pensions, 
by Rev. J. F. Wilkinson, 839. 

Fritsch (Prof. G.) on the origin of the 
electric nerves in the torpedo gym- 
notus, mormyrus, and malopterurus, 
757. 

Fronto-limbic formation of the human 
cerebrum, Dr. L, Manouvrier on a, 897. 

Fullers’ Earth Mining Co., the, at Woburn 
Sands, by A. C. G. Cameron, 711. 
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Galloway (W.) on underground tem- 
perature, 129. 

Galt (A.) and M. Maclean, some experi- 
ments with a Ruhmkorff coil, 639. 

Galton (Sir D.) on the work of the 
Corresponding Societies Committee, 
29; on the circulation of underground 
waters, 264. 

Galton (F.) on the work of the Corre- 
sponding Societies Committee, 29; on 
editing a new edition of ‘ Anthropo- 
logical Notes and Queries,’ 537. 

Gardiner (W.) on the steps taken to 
establish a botanical laboratory at 
Peradeniya, Ceylon, 363. 

Garson (Dr. J. G.) on the work of the 
Corresponding Societies Committee, 
29; on the cave at Elbolton, 266; on 
editing a new edition of ‘ Anthropo- 
logical Notes and Queries,’ 537; on the 
ruins of Mashonaland and the habits 
and customs of the inhabitants, 538; 
on the prehistoric and ancient remains 
of Glamorganshire, 544; on the natives 
of India, 615; on the work of the 
anthropometric laboratory, 618; *on 
human osteometry, 910; *exhibition of 
composite photographs of United States 
soldiers, ib.; on some very ancient 
skeletons from Medum, Egypt, 912. 

Garwood (EK. J.) on the collection, pre- 
servation, and systematic registration 
of photographs of geological interest 
in the United Kingdom, 290. 

Gas engine, a new form of, J. Day on, 
884. 

Gaseous explosions, a new method for 
measuring the pressure produced in, 
by B. Lean and W. A. Bone, 684. 

*Geddes (Prof. P.), methods of social 
inquiry, 835. 

Geikie (Sir A.) on underground tem- 
perature, 129. 

Geikie (Prof. J.) on the collection, pre- 
servation, and systematic registration 
of photographs of geological interest 
in the United Kingdom, 290; Address 
to the Geographical Section by, 794. 

*Geographical distribution, some points 
in connection with, by H. O. Forbes, 
819. 

Geographical longitudes, the determina- 
tion of, by lunar distances, Dr. H. 
Schlichter on a new method for, 815. 

‘Geographical Section, Address by Prof. J. 
Geikie to the, 794. 

Geological Section, Address by Prof. C. 
Lapworth to the, 695. 

Geology, the physical, of Arabia Petrea 
and Palestine, Prof. E. Hull on, 718. 
Gibbs (Prof. Wolcott) on wave-length 

tables of the spectra of the elements 
and compounds, 193. 
Gibson (Dr. J.) *on the preparation of 
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pure glucina, and the atomic weight 
of glucinum, 689; *on exact weighing, 
690; *analysis of manganese nodules, 
ib.; *the chemical composition of sea 
water, 821. 

Gillespie (Dr. A. L.), proteid hydrochlo- 
rides, 750. 

Gilson (Prof. G.) on the affinity of nu- 
clein for iron and other substances, 
778; a method of staining chromatin 
by chemical means, 780. 

Gladstone (G.) on the teaching of science 
in elementary schools, 368. 

Gladstone (Dr. J. H.) on electrolysis in 
its physical and chemical bearings, 
72; on the teaching of science in 
elementary schools, 368; on the mole- 
cular refraction and dispersion of (a) 
metallic carbonyls, (0) indium and 
gallium, (¢) sulphur, 679. 

—— and W. Hibbert on the electro- 
motive force of asecondary battery,662. 

Glaisher (J.) on underground tempera- 
ture, 129; on the circulation of under- 
ground waters, 264; on the advisability 
and possibility of establishing observa- 
tions upon the prevalence of earth 
tremors, 343. 

Glamorganshire, the prehistoric and 
ancient remains of, report on, 544. 

Glazebrook (R. T.) on electrolysis in its 
physical and chemical bearings, 72; 
on standards for use in electrical mea- 
surements, 132; on the values of cer- 
tain standard resistance coils, 150; on 
the standard condensers of the Associa- 
tion, and on certain resistance coils, 
152; on the values of certain standards 
of resistance and electrcmotive force 
sent from Berlin for comparison with 
the British Association standards, 154; 
on electro-optics, 157. 

Glennie (J. 8.) on the ruins of Mashona- 
land and the habits and customs of 
the inhabitants, 538. 

Glissettes of an ellipse and of a hyper- 
bola, on the, by Prof. P. G. Tait, 646. 
*Glucina, pure, the preparation of, and 
the atomic weight of glucinum, Dr. J. 

Gibson on, 689. 

*Glucinum, the atomic weight of, and 
the preparation of pure glucina, Dr. J. 
Gibson on, 689. 

*Gneissose rocks, the sequence of, by 
J.J. H. Teall, 723. 

Godman (F. DuC.) on the present state 
of our knowledge of the zoology and 
botany of the West India Islands, and 
on the steps taken to investigate as- 
certained deficiencies in the fauna and 
flora, 353. 

Goebel (Prof. Dr.) on the simplest form 
of mosses, 745. 

Goldsmid (Sir F.) on the ruins of Ma- 
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shonaland and the habits and customs 
of the inhabitants, 538. 

Goodchild (J. G.) on a granite junction 
in Mull, 722; the St. Bees sandstone 
and its associated rocks, id. 

Gorilla, on the articular processes of the 
vertebrz in the, compared with those in 
man, and on costo-vertebral variation 
in the gorilla, by Prof. Struthers, 906. 

‘Grampian series’ (pre-Cambrian rocks) 
of the Central Highlands, Dr. H. Hicks 
on the, 712. 

Granite junction, a, in Mull, J. G. Good- 
child on, 722. 

Grantham (R. F.), the absorption and 
filtration of sewage on sandy and 
other soils, 863. 

Graphic methods in mechanical science, 
the development of, second report on, 
373. 

Graphic solution of dynamical problems, 
Lord Kelvin on, 648. 

Gray (J.), a contribution to the theory of 
the perfect influence machine, 640. 
Gray (J. H.), slow oscillations produced 
on discharging electric condensers of 

great capacity, 642. 

Gray (J. W.) and P. F. Kendall, the 
cause of the ice age, 708. 

Gray (Prof. T.) on the earthquake and 
volcanic phenomena of Japan, 93 ; on 
standards for use in electrical measure- 
ments, 132; on the advisability and 
possibility of establishing observations 
upon the prevalence of earth tremors, 
343. 

Gray (W.) onthe collection, preservation, 
and systematic registration of photo- 
graphs of geological interest in the 
United Kingdom, 290. 

Green sand in the Lower Greensand, 
A. C. G. Cameron on a, 710. 

Green sandstone in Bedfordshire, A. C. 
G. Cameron on a, 710. 

Grove (Mrs. L.), the desert of Atacama, 
814. 

Guillaume (C. E.) on the change of re- 
sistance of mercury with temperature, 
138; report on constants and units, 
165. 

*Gulf of Guinea, the density, tempe- 
rature, and motion of the waters of 
the, by J. Y. Buchanan, 813. 

Giinther (Dr. A. C. L. G.) on the present 
state of our knowledge of the zoology 
and botany of the West India Islands, 
and on the steps taken to investigate 
ascertained deficiencies in the fauna 
and flora, 353: 


Habitual offender, the, and the criminal 
from an economic, statistical, and 
social standpoint, by Dr. J. F. Suther- 
land, 845. 
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Haddon (Prof. A. C.) on improving and 
experimenting with a deep-sea tow-net 
for opening and closing under water, 
366; on the value of art in ethnology, 
901. 

Hags and lampreys, Dr. J. Beard on, 789. 
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Influence machine, the perfect, a contri- 
bution to the theory of, by J. Gray, 640. 

*Insects, the industry and intelligence 
of, in relation to flowers, Rev. A. S. 
Wilson on, 774. 

Integumentary grooves, the, on the palm 
of the hand and sole of the foot of 
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menclature of units, 654. 

*Logarithms of largenumbers, a method 
of tinding, by Rev. Dr. T. Smith, 647. 

Lomas (J.) on the glacial distribution of 
the riebeckite-eurite of Ailsa Craig, 
707. 

London sewage question, the, by C. 
Barlow, 881. 

Love (E. J.) on electrolysis in its physi- 
cal and chemical bearings, 72. 

*Lovibond (J. W.) on the analysis and 
synthesis of colour, 661. 

Lubbock (Sir J.) on the teaching of 
science in elementary schools, 368. 

Luminosity of hydro-carbon flames, V. 
B. Lewes on the, 674. 


Macalister (Prof. A.), Address to the 
Anthropological Section by, 886; *on 
the brain of an Australian, 911; *on 
skulls from Mobanga, Upper Congo, 
ib.; *on some facial characters of the 
ancient Egyptians, 912. 

McCook (Dr.) *on the social habits of 
spiders, 754; *can spiders prognosticate 
weather changes? 790. 

McCormick (R. S.) and J. Dredge, the 
World’s Columbian Exposition for 
1893, 858. 

Macfie (R. A.) on copyright and patents, 
841. 

McIntosh (Prof. W. C.), a sketch of the 
Scottish fisheries, chiefly in their 
scientific aspects, during the past 
decade (1882-1892), 762. 

*McKendrick (Prof. J. G.) on amyograph 
for the projection of muscle curves, 
and on a method for recording the 
time of voluntary movements, 757. 

Mackenzie (J. S.), the relation of ethics 
to economics, 837. 

M‘Laren (Lord) on meteorological ob- 
servations on Ben Nevis, 68. 

Maclean (M.), sources of heat generated 
in the galvanic battery, 640. 

and A. Galt, some experiments with 
a Ruhmkorff coil, 639. 
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Ewing, 653. 

Magnetic permeability of magnetite, the 
temperature variation of the, E. H. 
Barton and W. Williams on, 657. 

Magnetisation, certain volume effects of, 
by Prof. C. G. Knott, 659. 

*Magnetisation on iron, an estimate of 
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servations on the, 366. 

Mill (Dr. H. R.), physical geography of 
the Firth of Forth, 813. 

Milne (Prof. J.) on the earthquake and 
volcanic phenomena of Japan, 93. 

*Moa, the, and man, the contemporaneity 
of, H. O, Forbes on, 910. 

Molecular refraction and dispersion of 
(a) metallic carbonyls, (4) indium and 
gallium, (¢) sulphur, Dr. J. H. Glad- 
stone on the, 679. 
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comparative psychology, 754. 

Morphology, the, of the ascidians, A, 
Willey on, 345, 362. 

*____ of the spore-bearing members in 
vascular cryptogams, Prof. F. O. Bower 
on, 747. 

Morton (G. H.) on the circulation of 
underground waters, 264. 

Mosses, the simplest form of, Prof. Dr. 
Goebel on, 745. 

Motors used for fog signals in the 
northern, lighthouse service, D, A. 
Stevenson on, 879. 
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Muirhead (Dr. A.) on standards for use 
in electrical measurements, 132. 

Munro (Dr. R.) on trepanning the human 
skull in prehistoric times, 912. 

Murray (G.) on the present state of our 
knowledge of the zoology and botany 
of the West India Islands, and on the 
steps taken to investigate ascertained 
deficiencies in the fauna and flora, 353 ; 
on a comparison of the marine floras 
of the warm Atlantic and the Indian 
Ocean, 775. 

Murray (Dr. J.) on meteorological obser- 
vations on Ben Nevis, 68. 

Musgrove (Dr. J.), the blood-vessels and 
lymphatics of the retina, 758. 

Myeloxylon (Brong.) from the millstone 
grit and coal measures, A. C. Seward 
on specimens of, 776. 

*Myograph, a, for the projection of 
muscle curves, Prof. G. J. McKendrick 
on, and on a method of recording the 
time of voluntary movements, 757. 


Narcotics, the use of, by the Nicobar 
jslanders, and certain deformations 
connected therewith, E. H. Man on, 
913. 

*National physical laboratory, a, dis- 
cussion on, 648. 

*____. interim report on, 648. 

Native plants, the disappearance of, from 
their local habitats, Prof. W. Hillhouse 
on, 783. 

Necropoleis, certain ancient, in the Pyre- 
nees and in North Britain, similarity 
of, by Dr. Phené, 901. 

New Guinea, British, some recent ex- 
plorations in, Coutts Trotter on, 819. 
Newton (Prof. A.) on the present state of 
our knowledge of the zoology and 
botany of the West India Islands, and 
on the steps taken to investigate as- 
certained deficiencies in the fauna and 
flora, 353; on the present state of our 
knowledge of the zoology of the Sand- 
wich Islands, and on the steps taken 
to investigate ascertained deficiencies 
in the fauna, 355; on making a digest 
of the observations on the migration of 
birds, 366 ; on proposals for the legis- 
lative protection of wild birds’ eggs, 

10. 

Newton (KE. T.) on some dicynodont and 
other reptile remains from the Elgin 
sandstone, 723. 

Newton (R. B.) on the occurrence of 
Chonetes Pratti, Davidson, in the car- 
boniferous rocks of Western Australia, 
725. 

Nicobar islanders, the use of narcotics 
by the, and certain deformations con- 
nected therewith, E, H. Man on, 913. 

Nicol (Dr. W. W. J.) on the bibliography of 
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solution, 261; on the nature of solu- 
tion, ib.; on the molecular volumes of 
organic substances in dilute solution, 
683 ; on solutions of iodine, 691. 

*Nitrogen in soils, the determination of 
small quantities of, by Dr. F. E. 
Matthews, 686. 

North-western tribes of the Dominion of 
Canada, eighth report on the physical 
characters, languages, and industrial 
and social condition of the, 545; re- 
marks on linguistic ethnology, by 
H. Hale, ib.; report on the Kootenay 
Indians of South-eastern British 
Columbia, by Dr. A. F. Chamberlain, 
549. 

Nuclei, the functions, staining reactions, 
and structure of, by G. Mann, 753. 

Nuclein, the affinity of, for iron and 
other substances, Prof. G. Gilson on, 
778. 

Nucleus, the, in the vegetable cell, ex- 
perimental observations on the function 
of, by Dr. Jas. Clark, 761. 

——, the personality of the segments of, 
Rabl’s doctrine of, and Weismann’s 
‘idant’ theory of heredity, Prof. M. 
Hartog on, 742. 

*Nyassaland, the industrial geography 
of, by J. Y. Buchanan, 816. 


*Oceanic circulation, preliminary account 
of, based on the ‘ Challenger’ observa- 
tions, by Dr. A. Buchan, 636. 

*Oceanography, discussion on, 821. 

Ogilvie (Miss M. M.), landslips in the 
St. Cassian strata of 8. Tyrol, 721. 

Old age pensions, by Rev. W. M. Ede, 
838. 

—— and friendly societies, by Rev. J. F. 
Wilkinson, 839. 

*Oldbury Hill, the excavations at, inte- 
rim report on, 718. 

Oldham (H. Y.), Cadamosto, ‘ the Marco 
Polo of West Africa,’ 820. 

Olivier (Dr. L.) on the canalisation of 
cells and the continuity of living 
matter in plants and animals, 792. 

*Optical constants, the modes of measur- 
ing, report on, 647. 

*Oraefa Jokull, Iceland, first ascent of 
the, by F. W. W. Howell, 810. 

Ormandy (W. RB.) and Dr. T. Ewan ona 
method for determining the vapour- 
pressures of solutions, 693. 

*Osteometry, human, discussion on, 910. 

, Dr. J. G. Garson on, 910. 

Ostwald (Prof. W.) on the general laws 
of energetics, 661; on the assumed 
potential difference between a metal 
in the molten and the solid state, 689. 

Oxy-salts, the action of dry sulphur di- 
oxide on, Prof. W. R. Hodgkinson and 

J. Young on, 676. 
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Paleolithic weapons, discovery of the 
common occurrence of, in Scotland, by 
Rev. F. Smith, 896. 

Palestine and Arabia Petrza, the physical 
geology of, Prof. E. Hull on, 718. 

*Parallel axiom, a curious point connected 
with the, by Prof. Chrystal, 647. 

Parker (Prof. W. N.) on proposals for the 
legislative protection of wild birds’ 
eggs, 366. 

Parliamentary returns on social and 
economic subjects, by C. 8. Loch, 836. 

Patents and copyright, R. A. Macfie on, 
841. 

Peach (B. N.) on a widespread radiolarian 
chert of Arenig age from the southern 
uplands of Scotland, 711. 

—— and J. Horne, the ice shed in the 
North-west highlands during the maxi- 
mum glaciation, 720; on a bone cave 
in the Cambrian limestone in Assynt, 
Sutherlandshire, <b. 

Pearsall (H. D.) on the extended use of 
the principle of the hydraulic ram, 867. 

Peddie (Dr. W.) *on the electric conduc- 
tivity of bismuth and copper in electric 
fields, 641; proof that density of 
illumination does not affect absorp- 
tion, 661. 

*Pellian equation, tables connected with 
the, interim report on, 646. 

Penck’s, Prof. A., proposed map of the 
world on a scale of 1:1,000,000, E. G. 
Ravenstein on, 817. 

Pengelly (W.) on underground tempe- 
rature, 129; on the circulation of 
underground waters, 264; on the cave 
at Elbolton, 266; on the erratic blocks 
of England, Wales, and Ireland, 267; 
on the ruins of Mashonaland and the 
habits and customs of the inhabitants, 
538. 

Peradeniya, Ceylon, sixth report on the 
steps taken to establish a botanical 
laboratory at, 363; report to the Com- 
mittee by Prof. J. B. Farmer, 364. 

*Periodic motion, the stability of, Lord 
Kelvin on, 638. 

Perkin (Dr. W. H.) on the action of light 
upon dyed colours, 263. 

*Perkin (Prof. W. H., jun.), syntheses 
with the aid of butane and pentane 
tetra-carboxylic ethers, 680. 

Perry (Prof. J.) on the earthquake and 
voleanic phenomena of Japan, 93; on 
standards for use inelectrical measure- 
ments, 132. 

*Persulphates, by Dr. H. Marshall, 692. 

*Pettersson (Prof. O.), the hydrography 
of the Baltic, the Kategat, and the 
Skagerak, 821. 

Phené (Dr.), similarity of certain ancient 
necropoleis in the Pyrenees and in 
North Britain, 901. 
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*Philograph, the, a simple apparatus for 
the preparation of lecture diagrams, 
exhibition of, by G. W. Bloxam, 914. 

*Phillips (C.) on a skull from Port Talbot, 
Glamorganshire, 912. 

*Phosphoric anhydride, action of, on 
fatty acids, by Dr. F. 8. Kipping, 
680. 

Photographs of electrical discharges, by 
A. A. Swinton, 641. 

Photographs of geological interest in the 
United Kingdom, third report on the 
collection, preservation, and systematic 
registration of, 290. 

*Photography as a means of surveying, 
by Col. H. C. O. Tanner, 814. 

——, the application of, to the eluci- 
dation of meteorological phenomena, 
second report on, 77. 

Phyllopoda, the fossil, of the palaeozoic 
rocks, ninth report on, 298. 

Physical and Mathematical Section, 
Address by Prof. A. Schuster to the, 
627. 

Physical deviations from the normal as 
seen among 50,000 children, observa- 
tions as to, by Dr. F. Warner, 910. 

*Physical laboratory, the new, at 
Groningen, Holland, Prof. P. H. 
Schoute on the construction of, 647. 

Physiological action at a distance, the 
cause of, Prof. L. Errera on, 746. 

Physiological calorimetry and animal 
heat, Prof. Rosenthal on, 749. 

*Physiology of protoplasm, Prof. W. 
Preyer on the, 742. 

Pickering (S. U.) on the bibliography of 
solution, 261. 

Pisolitic tuff, the occurrence of, in the 
Pentlands, Dr. H. J. Johnston-Lavis 
on, 726. 

Pitt-Rivers (Gen. A. H. L.) on the work 
of the Corresponding Societies Com- 
mittee, 29 ; on editing a new edition of 
‘Anthropological Notes and Queries,’ 
537. 

Place-names, by Dr. J. Burgess, 810. 

*Planches inédites de zoologie con- 
cernant les recherches du _ yacht 
‘VHirondelle,’ présentation de, by Baron 
J. de Guerne, 785. 

Plant (J.) on the circulation of under- 
ground waters, 264; on the erratic 
blocks of England, Wales, and Ireland, 
267. 

Plant life, conditions affecting, in a town 
atmosphere, by Dr. G. H. Bailey, 781. 

Polarising gratings, Dr. H. E. J. G. du 
Bois on, 660. 

Polychet worms, Miss F. Buchanan on, 
356. 

Polyzoa, the cretaceous, report on, 301. 

Poor-law, the: can it be maintained? by 
Rey. T. W. Fowle, 839. 
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Porphyritic quartz in basic igneous rocks, 
A. Harker on, 726. 

Potential difference, the assumed, between 
a metal in the molten and the solid 
state, Prof. W. Ostwald on, 689. 

Poulton (E. B.) on proposals for the legis- 
lative protection of wild birds’ eggs, 
366; *renewed experiments on the 
modification of the colours of lepi- 
dopterous pup, 786; *an observation 
bearing on the non-transmission of 
characters required by certain pupe, 
ib. 

Power transmission by alternating cur- 
rent, by G. Kapp, 873. 

Poynting (Prof. J. H.) on electrolysis in 
its physical and chemical bearings, 72. 

Preece (W. H.) on standards for use in 
electrical measurements, 132; on the 
dielectric of condensers, 654; earth 
currents, 656 ; the destruction of light- 
ning protectors by recent municipal 
legislation, 871; secondary batteries 
in use at the Central Telegraph Office, 
London, for telegraphic purposes, 872. 

*Prehensile power of infants, the, Dr. L. 
Robinson on, 909. 

* , exhibition of photographs repre- 
senting, by Dr. L. Robinson, 914. 

Prehistoric and ancient remains of Gla- 
morganshire, report on the, 544. 

Pre-paleolithic flints, exhibition of, by 
J. M. Bell, 900. 

Pressure produced in gaseous explosions, 
a new method for measuring the, by 
B. Lean and W. A. Bone, 684. 

Prestwich (Prof.) on underground tem- 
perature, 129; on the circulation of 
underground waters, 264; on the erratic 
blocks of England, Wales, and Ireland, 
267; on the advisability and possibility 
of establishing observations upon the 
prevalence of earth tremors, 343. 

*Preyer (Prof. W.) on the physiology of 
protoplasm, 742. 

Price (L. L.), Adam Smith and his rela- 
tions to recent economics, 840. 

Primary and secondary batteries in which 
the electrolyte is a gas, Prof. A. Schus- 
ter on, 638. 

Prince (Prof. E. E.) on the formation of 
argenteous matter in the integument 
of teleosteans, 772; the development 
of the pharyngeal teeth in the labride, 
773. 

Proteid hydrochlorides, by Dr. A. L. 
Gillespie, 750. 

*Protoplasm, the physiology of, Prof. W. 
Preyer on, 742. 

Protoplasmic movements, natural rela- 
tions between temperature and, by 
Dr. J. Clark, 760. 

Psychology, comparative, the method of, 
by Prof. C. L. Morgan, 754. 
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Purdon and Walters (Messrs.), the utili- 
sation of the energy of flowing water: 
description of the Purdon - Walters 
motor, 866. 

Purdon- Walters motor, description of 
the, by Messrs. Purdon and Walters, 
866. 

*Purvis (G. C.), sewage precipitation, 
687. 


Rabl’s doctrine of the personality of the 
segments of the nucleus, and Weis- 
mann’s ‘idant’ theory of heredity, 
Prof. M. Hartog on, 742. 

Radiolarian chert in the Lower Silurian 
rocks, the contact metamorphism of 
the, along the margin of the Loch 
Doon granite, J. Horne on, 712. 

of Arenig age, a widespread, from 
the southern uplands of Scotland, B. N, 
Peach on, 711. 

*Radiolarian remains, supposed, from 
the Culdaff limestone, by Prof. W. J. 
Sollas, 723. 

—- , from the slates of Howth, 
by Prof. W. J. Sollas, 723. 

Railway, an automatic, for the carriage 
of packages, by D. Cunningham, 864. 
Railway economics, a plea for the study 

of, by W. M. Acworth, 842. 

Rainfall in Formosa and some of the 
effects on the island and mainland of 
China, by J. Thomson, 811. 

Ramsay (Prof. W.) on electrolysis in its 
physical and chemical bearings, 72 ; on 
the action of light on the hydracids of 
the halogens in presence of oxygen, 
192; on the bibliography of solution, 
261; on the nature of solution, id.; 
on the influence of the silent dis- 
charge of electricity on oxygen and 
other gases, 263; *impurities in chlo- 
roform, 671; *the transpiration of hy- 
drogen through palladium, 679. 

and Emily Aston, atomic weight of 
boron, 687. 

Ravenstein (EH. G.) on the climatological 
and hydrographical conditions of tro- 
pical Africa, 367; on Prof. A. Penck’s 
proposed map of the world on a scale 
of 1: 1,000,000, 817. 

Rawson (Sir R.) on the work of the 
Corresponding Societies Committee, 29. 

Rayleigh (Prof. Lord) on electrolysis in 
its physical and chemical bearings, 
72; on standards for use in electrical 
measurements, 132. 

*Recalescence, interim report on, 658. 

Redgrave (G. R.), flexible metallic 
tubing, 870. 

Refuse, the disposal of, by G. Watson, 
860. 

Reid (A. 8.) on the collection, preserva- 
tion, and systematic registration of 
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photographs of geological interest in 
the United Kingdom, 290. 

Reid (C.), fossil arctic plants found near 
Edinburgh, 716. 

Reid (Prof. E. W.), vital absorption, 
748. 

Reinold (Prof. A. W.) on electrolysis in 
its physical and chemical bearings, 
72; on the bibliography of spectro- 
scopy, 192. 

and Prof. A. W. Riicker, specific 
conductivity of thin films, 639. 

Resistance coils, certain, R. T. Glazebrook 
on, and on the standard condensers of 
the Association, 152. 

—, certain standard, the values of, 
R. T. Glazebrook on, 150. 

Resistance of mercury, the change of, 
with temperature, C. E. Guillaume on, 
138. 

Retina, the blood-vessels and lymphatics 
of the, by Dr. J. Musgrove, 758. 

Richardson (Dr. A.) on the action of 
light on the hydracids of the halogens 
in presence of oxygen, 192. 

Riebeckite-eurite of Ailsa Craig, the 
glacial distribution of the, J. Lomas 
on, 707. 

Riley (Prof.) on the present state of our 
knowledge of the zoology of the Sand- 
wich Islands, and on the steps taken 
to investigate ascertained deficiencies 
in the fauna, 355. 

Riley (E.) on the best method of esta- 
blishing an international standard for 
the analysis of iron and steel, 186. 

Risley (H. H.) on the natives of India, 
615. 

Rivers, the windings of, J. Y. Buchanan 
on, 812. 

Roberts (I.) on the circulation of under- 
ground waters, 264; on the advis- 
ability and possibility of establishing 
observations upon earth tremors, 343. 

Roberts-Austen (Prof. W. C.) on elec- 
trolysis in its physical and chemical 
bearings, 72; on the best method of 
establishing an international standard 
for the analysis of iron and steel, 186; 
on the bibliography of spectroscopy, 
192; *the effect of small quantities of 
foreign matter on the properties of 
metals, 679. 

Robinson (Dr. A.) on the development 
of the posterior cranial and anterior 
spinal nerves in mammals, 785. 

Robinson (Dr. L.) *on the prehensile 
power of infants, 909; *exhibition of 
photographs representing the prehen- 
sile power of infants, 914. 

Roscoe (Sir H. E.) on the best methods 
of recording the direct intensity of 
solar radiation, 158; on wave-length 
tables of the spectra of the elements 
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and compounds, 193; on the teaching 
of science in elementary schools, 368. 

Kosenthal (Prof.) on animal heat and 
physiological calorimetry, 749. 

Riicker (Prof. A. W.) on electrolysis in 
its physical and chemical bearings, 
72; on electro-optics, 157. 

——and Prof. A. W. Reinold, specific 
conductivity of thin films, 639. 

Rudler (F. W.) on the volcanic pheno- 
mena of Vesuvius and its neighbour- 
hood, 338; on the ruins of Mashona- 
land, and the habits and customs of 
the inhabitants, 538. 

Ruhmkorff coil, some experiments with 
a, by M. Maclean and A. Galt, 639. 

Russell (Prof. W. J.) on the action of 
light on the hydracids of the halogens 
in presence of oxygen, 192; on the 
action of light upon dyed colours, 263. 

Rutherford (Prof. W.), Address to the 
Biological Section by, 728. 


St. Bees sandstone, the, and its asso- 
ciated rocks, by J. G. Goodchild, 722. 
Salamander, the larval, the relationships 
and réle of the arthoplasmic body 
during mitosis in, J. E. 8. Moore on, 

755. 

*Salmon fungus, the effect of sea water 
on the vitality of the, by A. P. Swan, 
772. 

Salvin (O.) on the present state of our 
knowledge of the zoology of the Sand- 
wich Islands, and on the steps taken 
to investigate ascertained deficiencies 
in the fauna, 355. 

Sandwich Islands, second report on the 
present state of our knowledge of the 
zoology of the, and on the steps taken 
to investigate ascertained deficiencies 
in the fauna, 355. 

Schlichter (Dr. H.) on a new method for 
the determination of geographical 
longitudes by lunar distances, 815. 

Schloss (D. F.), the methods of industrial 
remuneration, 844. 

*Schmitz (Prof.), tubercles on the thallus 
of some floridez, 774. 

Schoute (Prof. P.H.) *on the construction 
of the new physical laboratory at 
Groningen, Holland, 647; *on a new 
project for drying up the Zuyder Zee, 
820. 

Schuster (Prof. A.) on electrolysis in its 
physical and chemical bearings, 72 ; 
on researches on the ultra-violet rays 
of the solar spectrum, 74; on standards 
for use in electrical measurements, 132 ; 
on the best methods of recording the 
direct intensity of solar radiation, 158; 
on wave-length tables of the spectra of 
the elements and compounds, 153 ; 
Address, to the Mathematical and 
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Physical Section by, 627; on primary 
and secondary batteries in which the 

‘electrolyte is a gas, 638. 

Science, the teaching of, in elementary 
schools, report on, 368. 

*Science sociale, la, et sa méthode, by 
M. Demolins, 835. 

Sclater (Dr. P. L.) on the occupation of 
a table at the zoological station at 
Naples, 344; on the present state of 
our knowledge of the zoology and 
botany of the West India Islands, and 
on the steps taken to investigate as- 
certained deficiencies in the fauna and 
flora, 353; on the present state of our 
knowledge of the zoology of the Sand- 
wich Islands, and on the steps taken 
to investigate ascertained deficiencies 
in the fauna, 355. 

Scott (Dr. D. H.) on the present state o 
our knowledge of the zoology and 
botany of the West India Islands, and 
on the steps taken to investigate 
ascertained deficiencies in the fauna 
and flora, 353. 

— and G. Brebner on secondary tissues 
in monocotyledons, 744. 

Scottish fisheries, a sketch of the, chiefly 
in their scientific aspects, during the 
past decade (1882-1892), by Prof. 
W. C. McIntosh, 762, 

*Sea fisheries, Prof. J. C. Hwart on, 763. 

*Sea water, the chemical composition of, 
by Dr. Gibson, 821. 

Secondary batteries in use at the Central 
Telegraph Office, London, for tele- 
graphic purposes, by W. H. Preece, 872. 

Secondary battery, the electromotive 
force of a, Dr. J. H. Gladstone and 
W. Hibbert on, 662. 

Sedgwick (A.) on the occupation of a 
table at the zoological station at 
Naples, 344, 

*Sennett (A. R.), 
apparatus, 880. 

Sewage, the absorption and filtration of, 
on sandy and other soils, by R. F. 
Grantham, 863. 

*Sewage precipitation, by G. C. Purvis, 
687. 
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Seward (A. C.) on specimens of Mye- 
loxylon (Brong.) from the millstone 
grit and coal measures, 776. 

Seward (E.) on the prehistoric and 
ancient remains of Glamorganshire, 
544, 

Sex, the origin of, by G. Mann, 756. 

Sharp (Dr. D.) on the present state of 
our knowledge of the zoology and 
botany of the West India Islands, and 
on the steps taken to investigate as- 
certained deficiencies in the fauna and 
flora, 353 ; on the present state of our 
knowledge of the zoology of the 
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Sandwich Islands, and on the steps 
taken to investigate ascertained de- 
ficiencies in the fauna, 355. 

Shaw (W. N.) on electrolysis in its phy- 
sical and chemical bearings, 72; om 
standards for use in electrical mea- 
surements, 132. \ 1 

Shenstone (W. A.) on the formation of 
haloids from pure materials, 262; on 
the influence of the silent discharge of 
electricity on oxygen and other gases, 
263. 

Shield tunnelling in loose ground under 
water pressure, G. F. Deacon on, with 
special reference to the WVyrnwy 
aqueduct tunnel under the Mersey, 532. . 

Shields (Dr. J.) on the amount of hydro- 
lysis in aqueous solutions of salts of | 
strong bases with weak acids, 684. 

Siemens (A.) on electric locomotives, 865. 

*Sigillaria, a typical, the structure of the 
stem of a, W. Carruthers on, 776. 

*Skagerak, the hydrography of the, Prof- 
O. Pettersson on, 821. 

Skeletons, some very ancient, from 
Medum, Egypt, Dr. J. G. Garson on, 
912. 

*Skull, a, from Port Talbot, Glamorgan- 
shire, C. Phillips on, 912. 

*Skulls from Mobanga, Upper Congo, 
Prof. A. Macalister on, 911. 

Sladen (P.) on the occupation of a table 
atthe zoological station at Naples, 344. 

Slow oscillations produced ondischarging 
electric condensers of great capacity, 
by J. H. Gray, 642. 

Slums of Manchester, the, by C. W. 
Smiley, 835. 

Smart (W.), the effects of consumption - 
of wealth on distribution, 840. 

Smiley (C. W.), the slums of Manchester, 
835. 

Smith, Adam, and his relations to recent 
economics, by L. L. Price, 840. 

Smith (HE. A.) on the present state of 
our knowledge of the zoology of the 
Sandwich Islands, and on the steps 
taken to investigate ascertained defi- 
ciencies in the fauna, 355. 

*Smith (EH. W.) and Prof. Ayrton on the 
registration of transformers, 638. 

Smith (Rev. F’.), discovery of the common 
occurrence of palolithic weapons in 
Scotland, 896. 

Smith (Rev. F. J.), inducto-script, 644 ; 
the magnetic curve, 659. 

*Smith (Rev. Dr. T.), a method of finding 
the logarithms of large numbers, 647. 
Smith (Dr. W.) on the work of the an- 

thropometric laboratory, 618. 

Smith (W. R.), the food of fish, 772. 

Smithells (Prof. A.), experiments on 
flame spectra, 645; experiments on 
flame, 674. 
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Smoke from domestic and other fires, a 
system of purifying, by Col. E. Dulier, 
880. 

*Smoke-consuming apparatus, by A. R. 
Sennett, 880. 

Smyth (Dr. C. P.) on researches on the 
ultra-violet rays of the solar spectrum, 
74. 

Snelus (G. J.) on the best method of 
establishing an international standard 
for the analysis of iron and steel, 186. 

*Social inquiry, methods of, by Prof. P. 
Geddes, 835. 

Solar radiation, eighth report on the best 
methods of recording the direct in- 
tensity of, 158. 

Solar spectrum, the ultra-violet rays of 
the, report on researches on, 74. 

Sollas (Prof. W. J.), *supposed radio- 
larian remains from the slates of 
Howth, 723; *supposed radiolarian 
remains from the Culdaff limestone, ib. 

Solution, the bibliography of, sixth 
report on, 261. 

-—, the nature of, sixth report on, 
261. 

Solutions, the vapour-pressures of, a 
method for determining, Dr. T. Hwan 
and W. R. Ormandy on, 693. 

Somervail (A.) on the relations of the 
rocks of the Lizard district, 719. 

Sorby (Dr. H. C.) on the cretaceous 
polyzoa, 301. 

Specific conductivity of thin films, by 
Profs. A. W. Reinold and A. W. 

* Riicker, 639. 

Spectra of the elements and compounds, 
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Teall (J. J. H.) on the volcanic pheno- 
mena of Vesuvius and its neighbour- 
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Hodgkinson on the action of dry 
ammonia gas on sulphates, 675. 

Trepanning the human skull in pre- 
historic times, Dr. R. Munro on, 912. 
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radiation, 158. 

Whitaker (W.) on the work of the Cor- 
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Woodward (A. 8.) on the best methods 
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Woodward (Dr. H.) on the earthquake 
and volcanic phenomena of Japan, 
93; on the best methods for the regis- 
tration of the type specimens of British 
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present methods of teaching Chemistry ;—Third Report on the Influence of Silicon 
on the properties of Steel ;—Report on the Volcanic Phenomena of Vesuvius and 
its neighbourhood ;—Ninth Report on the Earthquake and Volcanic Phenomena of 
Japan ;—Report of the Committee for co-operating with the Scottish Meteorological 
Society in making Meteorological Observations on Ben Nevis ;—Third Report on the 
Prehistoric Inhabitants of the British Islands ;—Report on the Development of 
Graphic Methods in Mechanical Science ;—Report on the investigation of the Action 
of Waves and Currents on the Beds and Foreshores of Estuaries by means of Work- 
ing Models ;—Report of the Committee for continuing the Bibliography of Spectro- 
scopy ;—Report of the Committee for calculating the Anthropological Measurements 
taken at Bath ;—Second Report on the Disappearance of Native Plants from their 
Local Habitats ;—The Incidence and Effects of Import and Export Duties ;—Experi- 
ments upon the Transmission of Power by Compressed Air in Paris (Popp’s System) ; 
—The Comtist Criticism of Economic Science ;—On the Advisability of assigning 
Marks for Bodily Efficiency in the Examination of Candidates for the Public 
Services ;—On the Principle and Methods of assigning Marks for Bodily Efficiency ;— 
Experiments at Eton College on the Degree of Concordance between different 
Examiners in assigning Marks for Physical Qualifications ;—Fifth Report on the 
North-Western Tribes of the Dominion of Canada. 

Together with the Transactions of the Sections, Professor W. H. Flower’s Address, 
and Resolutions of the General Committee of the Association. 
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REPORT or tat SIXTIETH MEETING, at Leeds, August 1890, 
Published at £1 As. 


CoNnTEN'TS :—Report of the Corresponding Societies Committee ;—Third Report 
of the Committee to arrange an Investigation of the Seasonal Variations of Tempera- 
ture in Lakes, Rivers, and Estuaries in various parts of the United Kingdom, in co- 
operation with the Local Societies represented on the Association ;—Report of the 
Committee for constructing and issuing Practical Standards for use in Electrical 
Measurements ;—Fifth Report on Electrolysis in its Physical and Chemical Bearings ; 
—Sixth Report on the best methods of recording the direct Intensity of Solar Radia- 
tion ;—Report of the Committee for co-operating with Dr. Kerr in his Researches on 
Electro-optics ;—Report on Molecular Phenomena associated with the Magnetisation 
of Iron ;—Tenth Report on the Earthquake and Volcanic Phenomena of Japan ;— 
Sixth Report on the best means of comparing and reducing Magnetic Observations ; 
—Report of the Committee for co-operating with the Scottish Meteorological Society 
in making Meteorological Observations on Ben Nevis;—Sixth Report of the Com- 
mittee for promoting Tidal Observations in Canada ;—Report on the present state of 
our Knowledge in Electrolysis and Hlectro-chemistry ;—Report on the Preparation of 
a new series of Wave-length Tables of the Spectra of the Elements and Compounds ; 
—Report on the Bibliography of Spectroscopy ;—Fourth Report on the Influence of 
Silicon on the Properties of Iron and Steel ;—Second Report on the best method of 
establishing an International Standard for the Analysis of Iron and Steel :—Report 
on the Action of Light on the Hydracids of the Halogens in presence of Oxygen ;— 
Third Report on the present Methods of Teaching Chemistry ;—Fourth Report on 
the Properties of Solutions ;—Fourth Report on the Bibliography of Solution ;— 
Discussion on the Theory of Solution ;—Provisional Report on the Influence of the 
Silent Discharge of Electricity on Oxygen and other Gases ;—Report on the Absorp- 
tion Spectra of Pure Compounds ;—Report on the best methods for the Registration 
of all Type Specimens of Fossils in the British Isles:—Highteenth Report on the 
Erratic Blocks of England, Wales, and Ireland ;—Sixteenth Report on the Circulation 
of Underground Waters in the Permeable Formations of England and Wales, and 
the Quantity and Character of the Water supplied to various Towns and Districts 
from these Formations ;—-Final Report on an Ancient Sea-beach near Bridlington 
Quay ;—Report on the Cretaceous Polyzoa ;—Report on the Volcanic Phenomena of 
Vesuvius and its neighbourhood ;—¥ourth and final Report on the ‘ Manure’ Gravels 
of Wexford ;—EHighth Report on the Fossil Phyllopoda of the Palzozoic Rocks ;— 
Report on the collection, preservation, and systematic registration of Photographs of 
Geological Interest in the United Kingdom ;—Report on the occupation of a Table 
at the Laboratory of the Marine Biological Association at Plymouth ;—Third Report 
on the present state of our Knowledge of the Zoology and Botany of the West India 
Islands, and on the steps taken to investigate ascertained deficiencies in the Fauna 
and Flora ;—Report on the occupation of a Table at the Zoological Station at Naples; 
—Report of the Committee for making a Digest of the Observations on the Migration 
of Birds;—Third Report on the Disappearance of Native Plants from their Local 
Habitats ;—Fourth Report of the Committee for taking steps for the establishment 
of a Botanical Station at Peradeniya, Ceylon ;—Report of the Committee for im- 
proving and experimenting with a Deep-sea Tow-net for opening and closing under 
water ;—The probable Effects on Wages of a general Reduction in the Hours of 
Labour ;—Fourth Report on the best methods of ascertaining and measuring Varia- 
tions in the Value of the Monetary Standard ;—Report on the teaching of Science in 
Elementary Schools ;—Fourth Report as to the Statistical Data available for deter- 
mining the amount of the Precious Metals in use as Money in the principal Countries, 
the chief Forms in which the Money is employed, and the Amount annually used in 
the Arts;—On some new Telemeters or Range-finders;—Second Report on the 
Investigation of the Action of Waves and Currents on the Beds and Foreshores of 
Estuaries by means of Working Models ;—Report on the Geography and the Habits, 
Customs, and Physical Characters of the Nomad Tribes of Asia Minor and Northern 
Persia, and on the excavation of Sites of Ancient Occupation ;—Report on the 
Habits, Customs, Physical Characters, and Religions of the Natives of India ;—Report 
of the Committee for editing a new Edition of ‘ Anthropological Notes and Queries’; 
—Fourth Report on the Prehistoric Inhabitants of the British Islands ;—Report on 
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the Calculation of the Anthropological Measurements taken at Newcastle ;—Sixth 
Report on the North-Western Tribes of the Dominion of Canada. 

Together with the Transactions of the Sections, Sir F. A. Abel’s Address, and 
Resolutions of the General Committee of the Association. 


REPORT or tHE SIXTY-FIRST MERTING, at Cardiff, August 
1891, Published at £1 4s. 


CONTENTS :—Report of the Corresponding Societies Committee ;—Report on the 
present state of our knowledge of Thermodynamics, specially with regard to the 
Second Law ;—Sixth Report on Electrolysis in its Physical and Chemical Bearings; 
—Eleventh Report on the Earthquake and Volcanic Phenomena of Japan ;—Second 
Report of the Committee for calculating Tables of certain Mathematical Functions, 
and, if necessary, taking steps to carry out the Calculations, and publishing the 
tesults in an accessible form ;—Fifth Report on the application of Photography to 
the Elucidation of Meteorological Phenomena ;—Report on the Discharge of Elec- 
tricity from Points ;—Report of the Committee for co-operating with the Scottish 
Meteorological Society in making Meteorological Observations on Ben Nevis ;— 
‘Third (interim) Report on the various Phenomena connected with the Recalescent 
Points in Iron and other Metals ;—Second (interim) Report of the Committee for 
co-operating with Dr. Kerr in his Researches on Elevtro-optics ;—Report of the 
Committee for co-operating with Dr. C. Piazzi Smyth in his Researches on the Ultra- 
violet Rays of the Solar Spectrum ;—Report on the best means of Comparing and 
Reducing Magnetic Observations ;—Report of the Committee for constructing and 
issuing Practical Standards for use in Electrical Measurements ;—Interim Report of 
the Committee for carrying on the Tables connected with the Pellian Equation from 
the Point where the work was left by Degen in 1817 ;—Seventh Report on the best 
methods of recording the direct Intensity of Solar Radiation;—Report on the 
Preparation of a new series of Wave-length Tables of the Spectra of the Elements 
and Compounds ;—Interim Report on the Action of Light upon Dyed Colours ;— 
Report (provisional) on the Influence of the Silent Discharge of Electricity on Oxygen 
and other Gases ;—Third Report on the Bibliography of Spectroscopy ;—Fifth Report 
on Isomeric Naphthalene Derivatives ;—Fifth Report on the Bibliography of Solu- 
tion ;—Third Report on the best method of establishing an International Standard 
for the Analysis of Iron and Steel ;—Provisional Report on the direct formation of 
Haloid Compounds from pure materials ;—Report (provisional) on the Absorption 
Spectra of Pure Compounds ;—Nineteenth Report on the Erratic Blocks of England, 
Wales, and Ireland ;—Second Report on the Registration of all the Type Specimens 
of British Fossils ;—Seventeenth Report on the Circulation of Underground Waters 
inthe Permeable Formations of England and Wales, and the Quantity and Character 
of the Water supplied to various Towns and Districts from these Formations ;— 
Report on the Volcanic Phenomena of Vesuvius and its neighbourhood ;—Second 
Report on the collection, preservation, and systematic registration of Photographs 
of Geological Interest in the United Kingdom ;—Report on the advisability and 
possibility of establishing in other parts of the country Observations upon the 
Prevalence of Earth Tremors similar to those now being made in Durham in connec- 
tion with coal-mine explosions ;—Report of the Committee for working the very 
Fossiliferous Transition Bed between the Middle and Upper Lias in Northampton- 
shire, in order to obtain a more clear idea of its fauna, and to fix the position of 
certain species of Fossil Fish, and more fully investigate the horizon on which they 
occur ;—Report of the Committee to complete the investigation of the Cave at 
Elbolton, near Skipton, in order to ascertain whether Remains of Paleolithic Man 
oceur in the Lower Cave Earth ;—Report of the Committee for carrying on excava- 
tions at Oldbury Hill, near Ightham, in order to ascertain the existence or otherwise 
of Rock-shelters at this spot ;—Fourth Report on the present state of our knowledge 
of the Zoology and Botany of the West India Islands, and on the steps taken to 
investigate ascertained deficiencies in the Fauna and Flora ;—Draft Report on the 
present state of our knowledge of the Zoology of the Sandwich Islands, and on the 
steps taken to investigate ascertained deficiencies in the Fauna ;—Fifth Report of 
the Committee for taking steps for the establishment of a Botanical Laboratory at 
Peradeniya, Ceylon ;—Fourth Report on the Disappearance of Native Plants from their 
Local Habitats ;—Report of the Committee for making a digest of the observations 
on the Migration of Birds at Lighthouses and Light-vessels, which have been carried 
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on by the Migration Committee of the British Association ;—Report on the occupa- 
tion of a Table at the Laboratory of the Marine Biological Association at Plymouth ; 
—Report on the occupation of a Table at the Zoological Station at Naples ;—Report 
of the Committee for improving and experimenting with a Deep-sea Tow-net for 
opening and closing under water;—Report on the teaching of Science in Elementary 
Schools ;—Third Report on the investigation of the Action of Waves and Currents 
on the Beds and Foreshores of Estuaries by means of Working Models ;— Report of 
the Committee for editing a new Edition of ‘ Anthropological Notes and Queries’ ;— 
Seventh Report on the North-western Tribes of the Dominion of Canada ;—Fifth 
Report on the Prehistoric Inhabitants of the British Islands ;—Fourth and Final 
Report of the Committee to arrange an Investigation of the Seasonal Variations of 
Temperature in Lakes, Rivers, and Estuaries in various parts of the United Kingdom 
in co-operation with the local societies represented on the Association ;—On the 
Capture of Comets by Planets, especially their Capture by Jupiter ;-The Recent 
Progress of Agriculture in India, 

Together with the Transactions of the Sections, Dr. Huggins’s Address, and Reso- 
Iutions of the General Committee of the Association, 


The following Publications are also on sale at the Office of the 
Association :— 


Index to the Reports, 1831-1860, 12s, 

Lalande’s Catalogue of Stars, £1 1s. 

Rules of Zoological Nomenclature, 1s. 

On the Regulation of Wages by means of Lists in the Cotton Industry :— 
Spinning, 2s.; Weaving, Is. 

Second Report on the present Methods of Teaching Chemistry, 6d. 

Report of the Committee for constructing and issuing Practical Standards for use 
in Electrical Measurements, 6d. 

Second Report on the Development of Graphic Methods in Mechanical Science, 1s. 
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1884, {Butler, Matthew I. Napanee, Ontario, Canada. 

1888. {Buttanshaw, Rev. John. 22 St. James’s-square, Bath. 
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1872. {Buxton, Charles Louis. Cromer, Norfolk. 
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1875, {Caldicott, Rev. J. W., D.D. The Rectory, Shipston-on-Stour. 

1886. *Caldwell, William Hay. Birnam, Chaucer-road, Cambridge. 

1868. {Caley, A.J. Norwich. 
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{Carnegie, John. Peterborough, Ontario, Canada. 

Patera t Louis G. Agricultural College, Fort Collins, Colorado, 


tCarpenter, Rev. R. Lant, B.A. Bridport. 

*Carpmael, Alfred. 1 Copthall-buildings, London, E.C. 

*Carpmael, Charles. Toronto, Canada. 

tCarr, Cuthbert Ellison. Hedgeley, Alnwick. 

tCarr-Ellison, John Ralph. Hedgeley, Alnwick. 

TCarrutHeRs, WILLIAM, F.R.S., F.L.S., F.G.8. British Museum, 
London, S.W. 

{Carstake, J. BAarHam. 30 Westfield-road, Birmingham. 

{Carson, John. 51 Royal Avenue, Belfast. 

*Carson, Rev. Joseph, D.D., MRA. 18 Fitzwilliam-place, 
Dublin. 

tCarteighe, Michael, F.C.S, 172 New Bond-street, London, W. 

tCarter, H. H. The Park, Nottingham. 

{Carter, Richard, F.G.S. Cockerham Hall, Barnsley, Yorkshire. 

tCarter, Dr. William. 78 Rodney-street, Liverpool. 

tCarter, W. C. Manchester and Salford Bank, Southport. 
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Common, London, S.W. 
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{Casella, L. P., F.R.A.S. The Lawns, Highgate, London, N. 

{Cash, Joseph. Bird-crove, Coventry. 
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tCaton, Richard, M.D., Lecturer on Physiology at the Liverpool 
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tCatto, Robert. 44 King-street, Aberdeen. 
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§Cayiry, ArtHuR, M.A., D.C.L., LL.D., D.Se., F.R.S., V.P.R.A.S., 
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{Chambers, Charles, jun., Assoc.M.Inst.C.E. Colaba Observatory, 
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Chambers, George. High Green, Sheffield. 

t Chambers, W. O. Lowestoft, Suffolk. 

*Champney, Henry Nelson. 4 New-street, York. 

*Champney, John E. Woodlands, Halifax, 
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*Chance, James T. 51 Prince’s-gate, London, S.W. 
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{Chance, Robert Lucas. Chad Hill, Edgbaston, Birmingham. 

{Chandler, 8. Whitty, B.A. Sherborne, Dorset. 

*Chapman, Edward, M.A., F.L.S., F.C.S. Hill End, Mottram, Man- 
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{Charley, William. Seymour Hill, Dunmurry, Ireland. 

{ Charnock, Richard Stephen, Ph.D., F.SA., F.R.GS. Junior Garrick 
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{Chate, Robert W. Southfield, Edebaston, Birmingham. 

{Chater, Rey. John. Part-street, Southport. 

*Chatterton, George, M.A., M.Inst.0.E. 46 Queen Anne’s-gate, Lon- 
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tChurch, William Selby, M.A. St. Bartholomew’s Hospital, London, 
E.C 


{Cuurcnitr, Lord Atrrep Spencer. 16 Rutland-gate, London, 


tChurchill, F., M.D. Ardtrea Rectory, Stewartstown, Co, Tyrone. 

{Clarendon, Frederick Villiers. 1 Belvidere-place, Mountjoy-square, 
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*Rogers, L. J., M.A., Professor of Mathematics in Yorkshire College, 

Leeds. 13 Beech Grove-terrace, Leeds. 

}Rogers, Major R. Alma House, Cheltenham. 
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tRowsell, Rey. Evan Edward, M.A. Hambledon Rectory, Godal- 
ming. 

Bachar’, John. 7 Royal Bank-terrace, Glasgow. 
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§RourHeRForD, WrtiiaM, M.D., F.R.S., F.R.S.E., Professor of the 
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Rutson, William. Newby Wiske, Northallerton, Yorkshire. 
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tRyland, F. Augustus-road, Edgbaston, Birmingham. 
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*Ryianps, THomas GuazeBrRooK, F.L.S., F.G.S. Highfields, Thel- 
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§St. Clair, George, F.G.S. 127 Bristol-road, Birmingham. 
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{Salkeld, William. 4 Paradise-terrace, Darlington. 
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Sandes, Thomas, A.B. Sallow Glin, Tarbert, Co. Kerry. 
§Sang, William D. 28 Whyte’s Causeway, Kirkcaldy, Fife. 
§Sankey, Perey K. Hill House, Lyndhurst, Hants. 
tSauborn, John Wentworth. Albion, New York, U.S.A. 
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tSaunders, A., M.Inst.C.E. King’s Lynn. 
tSaunders, C. T. Temple-row, Birmingham. 
tSaunpers, Howarp, F.L.S., F.Z.S. 7 Radnor-place, London, W. 
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{Saunpers, TRELAwNEY W., F.R.G.S. 3 Elmfield on the Knowles, 
Newton Abbot, Devon. 
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jSaunders, W. H. R. Lilanishen, Cardiff. 
{Saunderson, C. E. 26 St. Famille-street, Montreal, Canada. 
§Savage, Rev. E. B., M.A., F.S.A. St. Thomas’ Parsonage, Douglas, 
Isle of Man. 
{Savage, W. D. Ellerslie House, Brighton. 
{Savage, W. W. 109 St. James’s-street, Brighton. 
TSavery, G. M., M.A. The College, Harrogate. 
*Sawyer, George David. 55 Buckingham-place, Brighton. 
§Saycr, Rey. A. H., M.A., D.D. Queen’s College, Oxford. 
tSayre, Robert H. Bethlehem, Pennsylvania, U.S.A. 
*Scarborough, George. Holly Bank, Halifax, Yorkshire. 
{Scarth, William Bain. Winnipeg, Manitoba, Canada. 
*ScHArer, E. A., F.R.S., M.R.C.S8., Professor of Physiology in Uni- 
versity College, London. Croxley Green, Rickmansworth. 
{Schafer, Mrs. Croxley Green, Rickmansworth. 
§Scmarrr, Rosert F., Ph.D., B.Sc., Keeper of the Natural History 
Department, Museum of Science and Art, Dublin. 
*Schemmann, Louis Carl. Hamburg. (Care of Messrs. Allen Everitt 
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§Schloss, David F. 1 Knaresborough-place, London, 8.W. 
Schofield, Joseph. Stubley Hall, Littleborough, Lancashire. 
tSchofield, T. Thornfield, Talbot-road, Old Trafford, Manchester. 
tSchofield, William. Alma-road, Birkdale, Southport. 
§Scholes, L. 49 Dover-street, Higher Crumpsall, Manchester. 
tScholey, J. Cranefield. 30 Sussex-villas, Kensington, London, W. 
Scuuncr, Epwarp, Ph.D., F.R.S., F.C.S. Oaklands, Kersal Moor, 
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*Scuuster, ArtHUR, Ph.D., F.R.S., F.R.A.S., Professor of Physics 
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tSchwabe, Colonel G. Salis. Portland House, Higher Crumpsall, 
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*Sctater, Purmip Louriey, M.A., Ph.D., F.R.S., F.LS., F.GS., 
F.R.G.8., Sec.Z.8. 3 Hanover-square, London, W. 
*Scrater, Witi1AmM Lurtry, B.A., F.Z.S. Eton College, Windsor. 
tScorr, ALEXANDER. Clydesdale Bank, Dundee. 
*Scott, Alexander, M.A., D.Sc. 4 North Bailey, Durham. 
tScott, Colonel A.deC., R.E. Ordnance Survey Office, Southampton. 
*Scott, Arthur William, M.A., Professor of Mathematics and Natural 
Science in St. David’s College, Lampeter. 
{Scott, Miss Charlotte Angus. Lancashire College, Whalley Range, 
Manchester. 
§Scorr, D. H., M.A., Ph.D., F.L.S. The Laurels, Bickley, Kent. 
tScott, George Jamieson. Bayview House, Aberdeen. 
tScott, Robert. 161 Queen Victoria-street, London, E.C. 
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, Royal Society of. 

Dundee, University College. 

East India Library. 

Edinburgh, Royal Society of. 

—., Royal Medical Society of. 

—., Scottish Society of Arts. 

Exeter, Albert Memorial Museum. 

Geographical Society (Royal). 

Geological Society. 

Geology, Museum of Practical. 

Glasgow Philosophical Society. 

, Institution of Engineersand Ship- 
builders in Scotland. 

Greenwich, Royal Observatory. 

Kew Observatory. 

Leeds, Mechanics’ Institute. 


AND IRELAND. 


Leeds, Philosophical and Literary So- 
ciety of. 

Linnean Society. 

Liverpool, Free Public Library and 
Museum. 

, Royal Institution. 

London Institution. - 

Manchester Literary and Philosophical 
Society. 

——, Mechanics’ Institute. 

Mechanical Engineers, Institution of. 

Meteorological Office. 

Meteorological Society (Royal). 

Neweastle-upon-Tyne, Literary and 
Philosophical Society. 

, Public Library. 

Norwich, The Free Library. 

Nottingham, The Free Library. 

Oxford, Ashmolean Society. 

——., Radcliffe Observatory. 

Plymouth Institution. 

Royal College of Physicians. 

Royal College of Surgeons, 

Royal Engineers’ Institute, Chatham. 

Royal Institution. 

Royal Society. 

Royal Statistical Society. 

Salford, Royal Museum and Library. 

Sheffield, Firth College. 

Southampton, Hartley Institution. 

Stonyhurst College Observatory. 

Swansea, Royal Institution of South 
Wales 

United Service Institution. 

University College. 

War Office, Library of the. 

Yorkshire Philosophical Society. 

Zoological Society. 
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EUROPE. 
Berliniessseceaanes Die Kaiserliche Aka- | Milan ............ The Institute. 
demie der Wissen- | Modena ......... Royal Academy. 
schaften. Moscow ........- Society of Naturalists, 
a EAT Royall; Academy ‘of | ———--. 0. i --scees University Library. 
Sciences. Munich © 3-:::.-.- University Library. 
ISONITNecnoaacacsa University Library. Naples ..<.:.:....<¢ Royal Academy of 
Brussels ......... Royal Academy of Sciences. 
Sciences. Nicolaieff......... University Library. 
Charkow ......... University Library. Paris scessee 2s. Association Frangaise 
Coimbra ......... Meteorological Ob- pour lAvancement 
servatory. des Sciences. 
Copenhagen ...Royal Society of | —— ............ Geographical Society. 
Sciences, —— resesseoeoes Geological Society. 
Dorpat, Russia... University Library, See esebetnns Royal Academy of 
Wes GH ssn ees Royal Museum. Sciences. 
Frankfort ...... Natural History So- | ——  ............ School of Mines. 
ciety. Pultovay <e--ce-c8 Imperial Observatory. 
Geneva............ Natural History So- | Rome ............ Accademia dei Lincei. 
ciety. ml cdenedezete Collegio Romano. 
Gottingen ...... University Library. SE eee Italian Geographical 
(GU aZijate cs soeenaate Society. 
IEValle ees sve ccencees Leopoldinisch-Caro- | —— ............ Italian Society of 
linische Akademie. Sciences. 
iarleni i.e. Société Hollandaise | St. Petersburg . University Library. 
des Sciences. = | ——__ easesseoceee Imperial Observatory. 
Heidelberg ...... University Library. Stockholm ...... Royal Academy. 
Helsingfors...... University Library. A hvu rena soe Se Royal Academy of 
Kasan, Russia ... University Library. Sciences. 
LRGTE Ass Fee asetcne Royal Observatory. Wiirechtfy- sseuaes University Library. 
KGB ee peece shank University Library. Wilenn ages osasmae The Imperial Library. 
Lausanne......... The University. = | —— ua... Central Anstalt fur 
Leyden ......... University Library. Meteorologie und 
TG RO" “cetecasiee University Library. Erdmagnetismus. 
Tiisbon'ac. <seevey Academia Real des | Zurich............ General Swiss Society. 
Sciences, 
ASIA. 
INBTD | cacweversses The College. Calcutta .-.:.-.-- Presidency College. 
Bombay ......... Elphinstone Institu- | —— ............ Hooghly College. 
TOD es (ce By ye. i is eneoten sts Medical College. 
$$ seseveceeees Grant Medical Col- | Ceylon............ The Museum,Colomho, 
lege. } Madras. tere... <2 The Observatory. 
Calcutta ......... Asiatic Society. =| ——  ............ University Library. 
AFRICA. 


Cape of Good Hope . 


. The Royal Observatory. 
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AMERICA. 
NIDANY 2.600... The Institute. Ottawa ......... Geological Survey of 
Boston.........:.. American Academy of Canada. 
Arts and Sciences. | Philadelphia...American Medical As- 
California ...... The University. sociation. 
Cambridge ...... Harvard University | —— ..........., American Philosophical 
Library. Society. 
Kingston ......... Queen’s University. | —— ............ Franklin Institute. 
Manitoba ......... Historical and Scien- | Toronto ...... The Observatory. 
tific Society. Washington...The Naval Observa- 
Montreal ......... McGill College. tory. 
Been agce cas... Council of Arts and | ——............Smithsonian —_Institu- 
Manufactures. tion. 
New York ......: American Society of | —— ............ United States Geolo- 
of Civil Engineers. gical Survey of the 
Reeicti ss acreer. Lyceum of Natural Territories. 
History. 
AUSTRALIA. 
Adelaide . . The Colonial Government. 


Brisbane . 
Victoria . 


. Queensland Museum. 
. The Colonial Government. 


NEW ZEALAND. 


Canterbury Museum, 
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